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Um estudo sobre bodiões e bodioas (aos olhos dos Cândido) 
A estudar peixes?! Vais ver se eles fazem gluglu ou glagla, é? (por Susana Gonçalves)
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Resumo 
 
 A Etologia tem vindo a revelar alguns aspectos da vida animal que, 
anteriormente, eram mal interpretados ou mesmo desvalorizados. No 
entanto, actualmente, é uma área cada vez mais explorada que tem vindo a 
contribuir para beneficio humano. 
Por outro lado, tendo em conta que o estudo do comportamento 
animal pode também contribuir para a aplicação de boas medidas de 
Conservação ambiental, trata-se de um instrumento importante, e por vezes 
indispensável.  
Porém, para evitar interpretações erradas e dilemas éticos, estes 
estudos devem ser conduzidos no ambiente natural das espécies alvo, onde 
o seu comportamento pode ser observado com o mínimo de interferência 
humana e sob a influência dos factores ambientais.  
Considerando o estudo de espécies de peixe, o mergulho com 
escafandro autónomo tem-se revelado como um método essencial para 
complementar a informação que é fornecida por outros métodos, uma vez 
que permite a observação das espécies e dos seus comportamentos no seu 
meio natural.  
Em Portugal, a prática do mergulho nem sempre é favorável. No 
entanto, existem alguns locais que permitem a prática desta actividade 
durante quase todo o ano. O Parque Marinho Professor Luiz Saldanha é um 
desses locais, uma vez que está, privilegiadamente, protegido dos intensos 
ventos de Norte (predominantes em Portugal). 
O presente estudo decorreu neste parque marinho e teve como 
principal objectivo estudar os diferentes comportamentos de três espécies de 
labrídeos e, simultaneamente, avaliar a sua relação com os diferentes 
habitats. Para isso, foi previamente elaborado um Etograma, onde os 
comportamentos foram identificados e definidos tendo em conta a literatura 
existente e as observações preliminares realizadas na área de estudo. 
A área de estudo é caracterizada por um recife rochoso no subtidal 
que apresenta uma complexidade considerável devido à erosão das falésias 
da serra da Arrábida, uma vez que os blocos de pedra que se soltam são de 
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variados tamanhos acabando por gerar uma grande diversidade de micro e 
macro-habitats. Para além disso, este recife tem uma cobertura algal durante 
todo o ano, embora exista uma substituição sazonal de umas espécies de 
algas por outras. 
Deste modo, tendo em conta que os labrídeos habitam recifes com 
estas características, procurou-se analisar se, neste grupo de peixes, existia 
uma relação de dependência entre um habitat especifico e cada uma das 
categorias de comportamento. 
A amostragem decorreu através de mergulho com escafandro 
autónomo, aplicando-se uma amostragem focal (de um minuto), em 
diferentes indivíduos das espécies Symphodus bailloni, S. melops e S. 
roissali. A amostragem consistiu em duas campanhas: uma no Outono e 
outra na Primavera. Na primeira campanha visitaram-se 11 locais 
(distribuídos pelos três tipos de áreas de protecção do Parque Marinho 
Professor Luiz Saldanha) enquanto que, na segunda campanha, para além 
dos mesmos 11 locais houve mais um a ser visitado.  
Para além dessa amostragem focal, outras espécies de Symphodus 
(S. cinereus, S. mediterraneus, S. rostratus), consideradas raras na área de 
estudo, foram registadas através de uma amostragem oportunista, com o 
objectivo de se confrontar, posteriormente, a presença ou ausência 
verificadas, com os dados de um projecto que está a decorrer na mesma 
área e nos mesmos locais.  
Para ambos os grupos de espécies referidas, foi realizada uma prévia 
compilação de literatura sobre as mesmas, com o principal intuito de 
clarificar os seus diferentes padrões de coloração e as diferentes aparências 
que estas espécies podem apresentar. Para complementar a literatura 
referida, os mergulhos de treino revelaram-se uma fonte de informação 
importante, uma vez que permitiram observar alguns detalhes 
desvalorizados pelos autores consultados. No entanto, também se procurou 
juntar a informação disponível relativamente aos tipos de habitat onde se 
podem encontrar estas espécies, os locais onde a sua ocorrência já foi 
registada, o seu tipo de alimentação, e as suas estratégias de reprodução. 
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Quanto ao registo da amostragem, este consistiu no apontamento de 
todos os comportamentos realizados por cada um dos indivíduos 
observados, dos habitats onde estes eram realizados (quer biótico, quer 
físico) e da distância observada entre os indivíduos e o substrato em cada 
comportamento realizado. O género, o comprimento total de cada indivíduo, 
e a profundidade inicial e final de cada observação eram também apontados.  
Para se proceder à analise dos dados, os comportamentos foram 
agrupados em oito categorias: Exploração, Alimentação, Repouso, Limpeza, 
Interacções agonísticas, Corte, Reprodução e Nidificação. Os tipos de 
habitat, biótico e físico, foram classificados em dois níveis. O habitat biótico, 
em grupos funcionais de algas ou, em alternativa, todas as espécies de 
algas. O habitat físico, em micro e macro-habitats. Foram ainda 
estabelecidas duas classes de tamanho ajustadas aos comprimentos 
máximos e mínimos observados para cada espécie. 
Os resultados indicaram uma distribuição diferente, em profundidade, 
das espécies principais em estudo. Contudo, o uso da complexidade do 
substrato, pelas diferentes espécies, para realizar categorias distintas de 
comportamento foi semelhante, embora com ligeiras diferenças. 
Para além disto, diversos aspectos relacionados com os 
comportamentos foram igualmente explorados. 
Foi examinado o tipo de esconderijo usado pelas diferentes espécies, 
comparando as duas campanhas de amostragem, analisando 
simultaneamente que classes de tamanho realizaram mais frequentemente o 
comportamento “esconder”. 
A intensidade de cada categoria de comportamento (actos por hora) 
foi calculada para cada espécie separadamente, assim como o número total 
de comportamentos realizados por cada indivíduo e o número de diferentes 
comportamentos em cada indivíduo. Assim pôde-se verificar em que 
campanha existe maior actividade, e que categorias são realizadas com 
maior frequência. 
As algas bicadas foram comparadas entre Symphodus spp. e entre 
campanhas, para evidenciar possíveis preferências na escolha das mesmas. 
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Averiguou-se também se a média de bicadas ao longo da amostragem se 
mantinha semelhante ou se seguia alguma tendência. 
Quanto à nidificação, procurou-se detectar padrões no tipo de habitat 
que os machos escolhiam para construir os seus ninhos, na profundidade a 
que eram construídos, e nas algas usadas para os construir. 
Relativamente à posição estática, realizada pelos indivíduos como um 
convite à inspecção de ectoparasitas por parte das espécies limpadoras, foi 
procurado esclarecer se este comportamento se realiza apenas na presença 
de uma espécie limpadora. Também se procurou evidenciar um padrão na 
distribuição dos indivíduos com ectoparasitas pelas três áreas de protecção. 
Já as distancias entre os indivíduos e o substrato, registadas para 
cada comportamento durante a amostragem, foram submetidas a uma 
análise com o intuito de destacar as categorias de comportamento que estão 
mais relacionadas com o fundo. 
Por fim, efectuaram-se análises de sequências de categorias que 
foram interpretadas em diagramas de transição de estados, para identificar 
possíveis padrões durante os períodos de actividade reprodutora e os 
períodos de inactividade reprodutora. Enquanto que os comportamentos 
durante o Outono tinham maior probabilidade de ser seguidos por 
comportamentos da categoria Exploração, durante a Primavera surgiram as 
categorias relacionadas com a reprodução que provocaram, parcialmente, 
uma alteração no padrão observado anteriormente. 
  
Palavras-chave: labrídeos, comportamento, habitat, Arrábida 
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Abstract 
 
Wrasses‟ dependence on a specific habitat to perform a particular category 
of behaviour, was investigated. This was conducted after the elaboration of 
one Ethogram, common for the species‟ group studied. A focal sampling was 
applied in individuals of Symphodus bailloni, S. melops and S. roissali,  
throughout the three types of protection areas of the Arrábida Marine Park, 
during the Autumn and the Spring seasons. Other Symphodus spp., 
considerable less abundant in the study area, were opportunistically 
registered. A previous compilation of the literature concerning the studied 
species was conducted, mostly, to clarify the diverse colour patterns of these 
species. The sampling registration was focused in behaviours (grouped in 
categories) and in the habitat where they were performed, either biotic (being 
posterior analysed at the algae species level or at the functional groups of 
algae level) or physical (micro or macro-habitats were defined). Eight 
categories were established: Exploring, Foraging, Rest, Cleaning, Agonistic 
Interactions, Courtship, Reproduction and Nidification; and two size classes 
were defined for each species, taking into account the maximum and 
minimum TL observed in each one of them. Our results indicate a different 
distribution of the three principal studied species, by depth. However, their 
use of the substrate complexity, to perform distinct categories of behaviour, 
was similar, but not identical. Moreover, diverse aspects related to some of 
the behaviours, were exploited. Finally, the categories sequential analysis 
was interpreted to highlight possible patterns during the reproduction activity 
period and during the reproduction inactivity period. While behaviours, during 
Autumn, were more likely followed by behaviours of the Exploring category,  
during Spring, the categories related to reproduction emerged, partially 
replacing the previously observed pattern.  
 
Key-words: wrasses; behaviour; habitat; Arrábida 
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1. General Introduction 
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1.1 - Study of behaviour – focus on marine organisms 
 
Ethology has been revealing and explaining some aspects of animal life, 
from the individual to the population level, that were misunderstood, 
unrecognized or depreciated, by the scientific community. 
Its inherent value was recognized for neuroscientists and molecular 
biologists, since the neural mechanisms that lead to a behaviour cannot be 
understood without the behaviour itself (Martin & Bateson, 1986). 
Moreover, besides the possibility of producing human benefit, biological 
study of behaviour can contribute on the application of good conservation 
measures, and on the preservation of the environment (Martin & Bateson, 
1986). 
In this scientific area, most of the studies should, or must, be conducted, 
not in the laboratory, but in the field, i.e. the natural habitat of the species in 
question, where the latter will not be constrained to perform the activities of 
which it is capable (Martin & Bateson, 1986). However, some studies have 
several inherent difficulties in accessing the location or in observing either the 
species (that could be fearful) or the behaviour (e.g. if the occurrence is rare) 
turning it really difficult to study them in nature (Martin & Bateson, 1986).  
Additionally, in laboratory, scientists have the advantage of carrying out 
exhaustive registrations when they are describing the behaviours, since there 
are fewer distractions (environmental variables are controlled and 
manipulated) and some details that could have passed unnoticed in the field 
may stand out. As referred by Potts (1973) about temperate marine fish, from 
which exist few records, caution is necessary when their behaviour is being 
interpreted in tanks, although some types of behaviour are better analyzed 
from aquarium observations. 
When the behaviour or the species in study have economic importance, 
the animals are taken and maintained in captivity, in order to lead them to 
reproduce that behaviour, exploring it in a commercial or industrial way. For 
example, on a touristic or commercial perspective, there are charismatic 
animals, like dolphins (Georges et al., 1985), which attract many people to 
dolphinaria to see their interaction with humans and their acrobatic jumps; 
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but, on an industrial perspective, we can highlight the homochromic response 
performed by some cryptic aquatic organisms, like fishes and cephalopods, 
which consist in adjusting the colouration patterns of the body in order to be 
confounded with its environment (Lejeune, 1985; Norman & Lu, 2000). These 
colouration patterns were adapted for the diving industry, being the external 
appearance of some diving suits a reminder of nature‟s camouflage patterns, 
allowing the diver to be less conspicuous in the aquatic environment. 
 
1.2 - Scuba diving surveys – Tropical waters vs Temperate waters 
 
In what concerns the study of fish populations of complex habitats as 
rocky shores, there is no unbiased method from which it is possible to get the 
composition of an actual fish assemblage (Harmelin-Vivien & Francour, 
1992).  
Scuba diving surveys are conditioned by the air in the diving cylinder, by 
the experience of the diver and, mostly, by the sea state. Therefore, taking 
these flaws into account, the employment of visual evaluation methods 
cannot fully replace other techniques (Harmelin-Vivien & Francour, 1992) 
from which "blind estimations" are obtained. 
On the other hand, scuba diving, as snorkelling and submersibles 
(Autonomous underwater vehicles and Remotely Operated Vehicles), can 
provide important complementary information about aquatic organisms, such 
as its behaviours in their natural environment (Harmelin-Vivien et al., 1985). 
That advantage lead to an increase in ecological studies, especially, in coral 
reefs of tropical waters. This tendency is due to the unfavourable field 
conditions in temperate regions (Potts, 1973), since during a large part of the 
year, waters are too turbid and have, consequently, low visibility. Thus, it 
turns difficult and, sometimes, really impracticable to perform studies that 
depend on the observation of marine animals (Potts, 1973).  
Yet, there are some places in temperate coastal waters that, for their 
geographic, weather and sea conditions, are considered secure and 
favourable for the practice of SCUBA diving and consequently to perform 
underwater studies.  
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One of those privileged places is Professor Luiz Saldanha Marine Park 
(Portugal), the study site of this research, since it is protected from the 
prevailing north and north-west winds by Arrábida mountain chain, and is, 
consequently, sheltered from the north and north-west waves once the coast 
faces south (Henriques et al., 1999). However, the infrequent, but very 
intense, south-west winds, are the main responsible for the water turbulence 
in Arrábida region (Saldanha, 1974) and are normally accompanied by harsh 
weather conditions.  Therefore, most of the time, when wave direction is 
neither from west nor south-west, safety requirements for SCUBA diving are 
met. 
 
1.3 - Professor Luiz Saldanha Marine Park (PLSMP) 
 
This marine park was created in 1998, but it was just in 2005 that the 
three types of protection areas were established: 1) Fully protected area 
(FPA), 2) Partially protected areas (PPA) and 3) Buffer areas (BA). However, 
the FPA have only become completely restricted in August 23rd of 2009. 
Since the north limit of PLSMP is, mostly, contiguous to the calcareous 
cliffs of Arrábida, the subtidal zone (depths of less than 15m) is mostly rocky 
due to cliff‟s erosion, which has been contributing with stones and boulders of 
different sizes that increase habitat complexity (Gonçalves et al., 2002). This 
process makes this marine area, on a significant extension, a rocky reef 
environment. However, it has other substrates like sand and bedrock that 
also harbor marine life (Gonçalves et al., 2002). In what concerns seagrass, 
a type of habitat that has been disappearing in the PLSMP, there is a 
ongoing LIFE project (LIFE06 NAT/P/000192 “Restoration of Biodiversity in 
the Marine Park Site Arrábia-Espichel”; 2007-2010) – Biomares, in which 
seagrass is being transplanted to areas where it existed before. This effort is 
due to the importance of this habitat in fish recruitment and growth. 
Henriques et al. (1999) concluded that the biodiversity in the marine park 
was remarkably high and provided a list of the rocky habitat fish fauna, which 
consists in a useful base information about Labridae (wrasses) - the most 
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representative family on this marine area (Gonçalves et al., 2002) and are 
the second largest family of marine fish (Lipej et al., 2009) 
 
1.4 - Wrasses 
 
Globally, wrasses are a quite documented group in what concerns: each 
species in particular (e.g. Reuter, 1967; Voss, 1976; Lejeune & Voss, 1979; 
Lejeune & Voss, 1980; Delgado, 1981; Helas et al. 1982a; Helas et al., 
1982b; Wheeler & Clark, 1984; Quignard & Pras, 1986; Dunn & Brown, 2003), 
their ecology (e.g. Hilldén, 1984; García-Rubies & Macpherson, 1995; Green, 
1996; Thangstad, 1999; Frau et al., 2003; Tuya et al. 2009), growth (e.g. 
Fives, 1976; Treasurer, 1994; Sayer et al. 1996b; Gordoa et al., 2000; 
Hubble, 2003; Raventos & Macpherson, 2005), reproduction and mating 
systems (e.g. Robertson & Choat, 1974; Warner & Robertson, 1978; Dipper 
& Pullin, 1979; Warner & Lejeune, 1985; Alonzo & Warner, 1999; Luttbeg & 
Warner 1999; Uglem et al., 2001; Raventos & Planes, 2008), feeding habits 
(Fernández et al., 1995; Deady & Fives, 1995), behaviours (e.g. Potts, 1973; 
Gorlick, 1984; Lejeune, 1985; Poulin, 1993, Van Tassel et al., 1994; Sayer & 
Reader, 1996a; Arnal & Morand 2001; Fulton et al., 2001), colouration 
patterns (e.g. Potts, 1974; Uglem et al., 2000; Arigoni et al., 2002), 
commercial interest (e.g. Darwall et al., 1992b) and nests (e.g. Uglem & 
Rosenqvist, 2002; Raventos, 2004; Raventos, 2006; Lipej et al., 2009).  
The occurrence of wrasses in Portugal was reported in some studies: in 
the Sado‟s estuary (e.g. Gonçalves, 1941; Amorim, 1982; Cunha & Antunes, 
1991; Sobral, 1993; Cunha, 1994) in Lagoa de Albufeira (e.g. Cunha & 
Antunes, 1991), in Setúbal (e.g. Gonçalves, 1941), in Sesimbra (Gomes & 
Almeida, 1979) and in Azores (Porteiro et al., 1996; Raposeiro & Azevedo, 
2009). 
At PLSMP, few studies about wrasses were performed. There is the work 
of Henriques & Almada (1997) about the cleaning behaviour of Centrolabrus 
exoletus (Linnaeus, 1758), the study of Franco (2007) about the use of algal 
tufts by juveniles (of Symphodus spp. and other fish species) in recruitment 
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and the study of Tavares (2009) about the algal composition of the nests built 
by two Symphodus spp..  
Currently, the Biomares project and an ongoing PhD thesis are assessing 
the PLSMP establishment effects on fish assemblages and, therefore, fish 
counts are being conducted in the different protection areas which also 
discloses information on wrasses densities.  
In spite of this group of fishes being so well represented in the study area, 
there isn‟t many literature about it. Thus, having into account the global 
fisheries‟ crisis, it is urgent to reduce the lack of information, in order to 
increase our perception of the underwater ecosystems‟ uniqueness and 
fragilities.  
Therefore, the principal purpose of this thesis is to contribute, through a 
behavioural approach, with the identification of possible associations 
between three species of wrasses and the available types of habitat in the 
study site. 
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2. Species in study - Symphodus spp.  
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Symphodus spp. are perciform fishes that belong to the Labridae family 
(wrasses), which is a group of predominantly small, reef-dwelling, inshore 
marine fishes (Darwall et al. 1992b). Wrasses are found in shallow waters 
(Lipej et al., 2009), near the bottom (demersal organisms), rarely venturing 
into the water column (Lejeune, 1985). They have a diurnal activity pattern 
(Lejeune, 1985; Thangstad, 1999) and, for swimming, these fishes use 
predominantly its pectoral fins as the main means of propulsion - known as 
labriform locomotion (Webb, 1994). 
Lipej et al. (2009) referred that wrasses are a very important element 
in food webs and Lejeune (1985) affirmed that these fishes were a 
considerable part of the stomach-contents of Serranus cabrilla (Linnaeus, 
1758) and Scorpaena porcus (Linnaeus, 1758), which are very frequent on 
the Symphodus spp. environment. Lejeune (1985) suggests that this genus 
has adapted to avoid predation by having very cryptic coloration patterns and 
also adds that, although nesting males, in most of the wrasses‟ species, 
present bright colouration patterns, which turn them more vulnerable to 
predation, that appearance confers a perfect camouflage when they are 
above the nest. 
In a commercial point of view, in temperate waters, wrasses have no 
interest to fishermen (Darwall et al., 1992b). Nevertheless, Ctenolabrus 
rupestris (Linnaeus, 1758),  C. exoletus and Symphodus melops  (Linnaeus, 
1758) have been submitted to intensive fishing in Norway (1988), Scotland 
(1989), England (1990), and Ireland (1990) (Darwall et al., 1992b), to control 
sea lice (Copepoda, Caligidae) on farmed Atlantic salmon, Salmo salar 
(Linnaeus, 1758)  (Costello & Bjordal, 1990). 
These wrasse fishery it‟s a very representative case of animal behaviour 
exploitation since the cleaning behaviour of those wrasses was preferable to 
using pesticides, which are expensive and have negative impacts on the 
environment (Sayer & Reader, 1996a). 
In addition, although wrasses are not considered a commercially valuable 
resource (Wheeler, 1969), these fishes are relevant for recreational catches 
and for spear-fishing (Gordoa et al., 2000). 
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2.1 - The main species: Symphodus bailloni (Valenciennes, 1839), S. melops, 
S. roissali (Risso, 1810) 
 
2.1.1 - Global distribution  
According to Voss (1976), S. melops is widely distributed. It can be found 
in the Norwegian coast, and in the Atlantic coast, from Scotland to Morocco, 
and even in the Canary Islands. Quignard & Pras (1986) also reported that 
this species is found in the Azores, in the Western Mediterranean and in 
Adriatic seas. 
Quignard (1966) referred to S. roissali as a typical Mediterranean species 
and stated that it is found in Israel‟s coast and in the Black sea. Quignard & 
Pras (1986) also refer that S. roissali is found in the Atlantic coast, from the 
Bay of Biscay to Gibraltar. 
The distribution of S. bailloni ranges, in the eastern Atlantic, from 
Mauritania to the English Channel, and throughout the western 
Mediterranean (Quignard, 1966). However, Reuter (1967) has also reported 
a specimen in the southern North Sea and Nijssen & Groot (1974) have 
records of occurrence on the Dutch coast. 
 
2.1.2 - Habitat – Physical and Biotic 
Henriques et al. (1999) reported that, at PLSMP, these three species 
were found in rock or in sand adjacent to rock, although S. melops was also 
found in sand with boulders. This points to an overlapping of the preferred 
habitat of each species, as was verified in the study with labrids of Hilldén 
(1984). 
 In other places, similar habitat‟s description was made. Hilldén (1984) 
emphasizes that labrids habit the dense belt of algae where shelter and 
feeding areas are provided.  
S. melops, probably the most studied species of the three, lives in shallow 
waters amongst rock and macroalgal coverage, according to many authors, 
such as Voss (1976), Costello (1991), Darwall et al. (1992b) and Sayer & 
Treasurer (1996). S. roissali, another species subject of several studies, had 
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its habitat preference described by Helas et al. (1982a) and Lejeune (1985) 
as inhabiting the superior fringe of rocky reefs, that harbour covered zones of 
Cystoseira C. Agardh, an alga that confers shelter and food.  S. bailloni, a 
poorly studied species, lives, according to Bauchot & Quignard (1973), near 
rocks and in eel-grass beds, between 1m and 50m, although there isn‟t 
precise information available on its habitat.  
Some authors supposed that wrasses perform Winter migrations to 
deeper waters to explain, for example, why the larger individuals of S. 
melops disappear when the algal coverage starts to decrease and then 
return in May (e.g. Hilldén, 1984). However, others do not agree with this 
theory, like Darwall et al. (1992b), who affirms that wrasses remain hidden 
and inactive amongst the rocks until the following Spring, indicating a 
decrease in activity at low temperatures. Helas et al. (1982a) stated that S. 
roissali does not leave the rocky habitat after the reproduction period (in the 
winter), being, instead, the swimming periods longer.  
 
2.1.3 – Colouration patterns  
In the past, the systematic of labrids was imprecise, with some genus 
misdescribed, and with the species‟ number changing constantly.  This was 
due to the polymorphism that is common in this group of fishes (Lejeune, 
1985). Several studies mention the common misidentification of wrasses 
(Wheeler & Clark, 1984; Couch, 1868; Yarrell, 1836; Day, 1880-4). For 
example, in the case of S. melops, the differences in coloration between 
sexes and age, led earlier studies to incorrectly identify those different 
appearances as different species (Potts, 1974). In addition, the species of the 
genus Symphodus have generally an important sexual dimorphism (Voss, 
1976). 
The three main species in study share the particularity of having green 
eyes (S. melops: Potts, 1974; S. roissali and S. bailloni: personal 
observations). Additionally, these species have an effective countershading 
effect, i.e. the belly is clearer comparatively to the dorsal part of the body (S. 
roissali: Helas et al., 1982a; S. melops: Potts, 1974; S. bailloni: Delgado, 
1981), and the females have, compared to males, a larger urogenital papilla 
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that becomes coloured in the spawning season (S. roissali: Helas et al., 
1982a; S. melops: Quignard, 1966; S. bailloni: Delgado, 1981). The coloured 
papilla is an important feature in visual communication between sexes Potts 
(1974), as well as the bright coloration of male wrasses at the reproduction 
season, since it reflects, as stated by Hilldén (1984), the fact that visual 
communication is used in marine environments, even in temperate waters. 
Lejeune (1985) referred that male coloration patterns, at the 
reproduction season, have an important role in the competition between 
males for females, conferring, although, as was mentioned before, a 
predation risk at the same time. Moreover, in the study of Potts (1974) about 
S. melops, it is referred that, in the breeding season, the advantages of 
conspicuous spawning colours are evidently greater than the protective 
advantages of adopting a cryptic colouration. The appearance during the 
reproduction period can also have a dissuasion role when the male is 
guarding the nest and another fish (a sneaker or an individual of another 
species) approaches, as was mentioned to males of S. melops in Voss 
(1976). 
S. melops can be recognized for having: 1) a crescent-shaped blotch 
behind the eye, very characteristic of this species (Potts, 1974,Thangstad, 
1999, Wheeler & Clark, 1984), that is usually bluish in males (personal 
observation) and reddish or brownish in females (Potts, 1974) and juveniles 
(pers.obs.), 2) a dark circular spot in the middle of the caudal peduncle (Potts, 
1974; Hilldén, 1984; Wheeler & Clark 1984; Thangstad, 1999), which 
becomes completely obscured in males during the breeding season (Potts, 
1974),  3) a reddish or brownish blotch with a triangular shape in the upper 
edge of the operculum (Voss, 1976)., see picture (A) in Figure 1, sometimes 
with a small green spot in the center (pers.obs.). 
This species exhibits sexual dimorphism (Dipper & Pullin, 1979) and, 
according to Potts (1974), during the reproduction period, territorial-males 
(see picture (B) in Figure 1) have: 1) a bright colored appearance, mostly 
green and red, 2) two orangish brown lines below the eye, in the 
preopercular zone, starting in the inferior maxilla until behind the eye and 3) a 
network of little intense-blue irregular lines, interspersed with yellow and 
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orange ones, that cover the lower jaw, the area beneath the eye, the 
preoperculum and the operculum (see picture (C) in Figure 1).  Hilldén (1984) 
adds that male‟s white lips stand out when the individual is hovering over the 
nest, towards the female. After the breeding season, in the late summer, 
males become paler (Potts, 1974). 
 Two types of mature females were described in Potts (1974) but, since 
the pointed differences are not so obvious, they were not distinguished in the 
visual surveys of this study. However, the other characteristics referred in 
Potts (1974) for females (see picture (A) in Figure 2) have been detected: 1) 
greenish brown pale body, 2) two brown longitudinal lines alternating with 
light brown lines in the flanks, 3) a few dark brown oblique lines that begin 
beneath the head and curve upwards around the sides of the head, blending 
the most conspicuous line into the post-orbital spot. Potts (op.cit) called these 
„chinstrap‟ lines adding that they are more evident prior to and during 
spawning. This author also points out that females show 4) a salient blue 
urogenital papilla and 5) a swollen belly. Additionally, It should be mentioned 
that, in the upper part of the flanks (see picture (B) in Figure 2), it is possible 
to observe five brown large blotches in males and females (Tavares, 2009), 
but mainly in larger individuals (pers.obs.) 
  The juveniles (see picture (C) in Figure 2)  have been described by 
Potts (1974) as having 1) an olive-green or greenish blue appearance, 2) two 
brown longitudinal lines in the flanks (one on the same level as the lateral line 
and the other line a little above), 3) the same lines found in the males‟ 
preopercular zone, but less visible and 4) several ill-defined orange and blue 
lines in the operculum. The juveniles‟ cryptic coloration enables them to hide 
among the algae (Potts, 1974). Thus, undisturbed, younger individuals may 
swim a little above the algal canopy, rapidly retreating into the algae when 
frightened (Potts, 1974). Therefore, those individuals are hard to approach 
and to perform underwater observation for long periods (Potts, 1974).  
Even the adults can adapt its appearance to the environment, darkening or 
brightening its coloration, by adjusting the melanophores Potts (1974). 
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Pam & George Johnson 
(B) 
(A) 
(C) 
Figure 1 – Photographs of Symphodus melops. (A) a male throwing out 
some of the material which was bitten, (B) a male with a bright coloured 
appearance and (C) a male on which the coloured lines in the 
preoperculum are very visible.  
 
© João Pedro Silva 
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(A) 
(B) 
Figure 2 – Photographs of Symphodus melops. (A) a female, (B) a large 
individual (male or a female) off of the reproduction period, (C) a juvenile.  
(C) 
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S. roissali is a sexually dichromatic species during the reproduction 
period but, throughout the rest of the year, there are no obvious differences 
between the colouration of males and females (Arigoni et al., 2002) existing, 
thus, two non-permanent colour patterns (Warner & Lejeune, 1985). It is 
commonly called five-spotted wrasse due to the five blotches in the dorsal fin 
that extend to the upper part of flanks. Although, those aren‟t frequently very 
conspicuous since their colour is not clearly distinguishable from the 
remaining colouration. In general, specimens of this species can be easily 
identified by: 1) a dark bar which goes from the point of the snout until the 
eye (pers.obs.), 2) a reddish or brownish blotch with triangular shape in the 
upper edge of the operculum, sometimes with a small green spot in the 
middle (Helas et al., 1982a), 3) a dark round spot in the middle of the caudal 
peduncle (Quignard & Pras, 1986), 4) two brownish (see picture (A) in Figure 
3) or reddish (see picture (B) in Figure 3) longitudinal lines in the flanks 
(Helas et al., 1982a) and 5) a very characteristic red line that circumvents the 
eyes (Helas et al., 1982a).  
During the reproduction period, the terminal males exhibit a bright 
colouration (Arigoni et al., 2002), see picture (C) in Figure 3, being 
homochromic with Cystoseira spp. that is present in its habitat (Lejeune, 
1985). The characteristics that can be distinguished in males are: 1) two 
small, usually orange, ovoid blotches in the soft part of the dorsal fin (Lejeune, 
1985), see picture (A) in Figure 4, and 2) several green bands alternating 
with red ones in the isthmus and cheeks (Helas et al., 1982a).  
On the other hand, females show: 1) a very white isthmus, 2) dark 
oblique lines on the cheeks (Helas et al., 1982a), 3) a reddish or greenish 
appearance when ready to spawn (pers. obs.), see picture (B) in Figure 4, or 
brownish with longitudinal beige bands in the flanks in erratic females (Helas 
et al., 1982a), see picture (C) in Figure 4 and 4) a distinct blue urogenital 
papilla (Helas et al., 1982a). In addition, in Helas  et al. (1982a) it is 
explained that satellite males present a similar appearance to erratic females, 
with the exception of having a small papilla.  
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(A) 
(B) 
(C) 
Figure 3 - Photographs of Symphodus roissali. (A) a male with  brown 
longitudinal lines, and with ectoparasites in the head, (B) a female with red 
longitudinal lines and (C) a male with a bright coloured appearance 
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(A) 
(B) 
Figure 4 - Photographs of Symphodus roissali. (A) a male with distinct 
orange blotches and displaying an homochromic appearance with the 
substratum,  (B) a female ready to spawn and (C) an erratic female. 
Robert Patzner  
(C) 
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S. bailloni is relatively poorly known (Dunn & Brown, 2003), however, this 
species could be identified by: 1) a dark blotch at the base of the beginning of 
the soft dorsal fin, and a smaller dark spot, at the end of the soft dorsal fin 
(Delgado, 1981; Wheeler & Clark, 1984), 2) a conspicuous dark blue arc at 
the base of the rays of the pectoral fin (Delgado, 1981; Wheeler & Clark, 
1984), considered by Wheeler & Clark (1984) the most distinguishable 
characteristic for this species‟ identification in the field (see picture (A) in 
Figure 5). Moreover, it‟s also possible to notice: 3) a dark spot at the caudal 
peduncle (Delgado, 1981; Wheeler & Clark, 1984), which presence, 
according to Wheleer & Clark (1984) is not regular, and is related to size or 
sexual development and 4) a light-blue line below the eye (pers.obs.).  
Quignard & Pras (1986) states that this species exhibits a sexual 
dimorphism and Delgado (1981) differentiates the appearance of male and 
female individuals. However, those differences aren‟t either very obvious or 
verified in the field. The problem arises when the fishes are off of the 
reproduction period, since the papilla urogenital of females is not 
conspicuous, being, thus, difficult to distinguish between both sexes. 
However, according to our observations, males (see picture (B) in Figure 
5) present: 1) flanks with three brown longitudinal rows which stand out from 
the uniform beige coloured body, although, in some individuals, it can be also 
observed five transversal bars, between the dorsal fin base and the second 
longitudinal line (see picture (C) in Figure 5), 2) small orange spots 
distributed in the flanks, in the ventral zone and in the gular region - a feature 
that was pointed on some specimens of this species in Cuvier & 
Valenciennes (1839), 3) beige or pink fins‟ edges – a characteristic pointed in 
the specimen found in the work of Reuter (1967) and 4) several reddish spots 
and lines in the preoperculum and in the operculum (Delgado, 1981).  
In females (see pictures (A), (B) and (C) in Figure 6), there are few 
orange spots, and are only found in the ventral zone and in the preoperculum, 
which are very whitish zones. Its flanks have, as males do, three brown 
longitudinal but there are no orange spots distributed in the flanks. 
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(B) 
Emanuel Gonçalves 
(A) 
Figure 5 - Photographs of Symphodus bailloni. (A) a male approaching the 
substratum, (B) a male with the conspicuous orange spots and the pink 
edges of fins, (C) a male laying down with very distinct transversal bars on 
the flanks 
 
João Ferraria 
(C) 
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Diana Rodrigues 
(A) 
Figure 6 - Photographs of Symphodus bailloni. (A) possibly a female, (B) 
possibly a female in the front and a male in the back and (C) an individual 
(possibly a female) with orange spots in the preoperculum 
(C) 
(B) 
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2.1.4 – Diet 
The diet of fishes is difficult to study from underwater observations since 
the preys that are taken may be misidentified. Consequently, the feeding 
habits of fishes, as labrids, are studied by stomach-content analysis (Hilldén, 
1984). 
According to Lejeune (1985), the carnivorous diet of Symphodus spp. is 
not specialized, since preys are numerous and varied, leading him to 
presume that those food resources would also be widespread. In addition, in 
the study of Hilldén (1984) is mentioned that all labrids eat gastropods and 
bivalves, being crustaceans the staple food. 
Taking into account each species in particular, it is possible to verify that 
the diet is similar.  
Hilldén (1984) pointed that S. melops feeds opportunistically, by taking 
the kind of food that is more abundant at any time. He also assumed that S. 
melops consumes mainly amphipods. On the other hand, Voss (1976) 
affirmed that the carnivorous diet of S. melops is composed mainly by 
molluscs, but also by hydrozoans, bryozoans and crustaceans decapods. 
Later, Deady & Fives (1995) report a similar diet for this species, at Ireland 
and France, being dominated by molluscan and crustacean material, 
particularly bivalves, gastropods, amphipods and isopods. However, in the 
stomach-contents there were also found several algal fragments, and the 
principal species identified were Corallina officinalis Linnaeus, Chondrus 
crispus Stackhouse and Himanthalia elongata (Linnaeus) S.F.Gray. Gomes 
& Almeida (1979) referred that the diet of S. melops is very diversified, being 
molluscs and crustaceans the preferential preys. Darwall et al. (1992b) affirm 
that this species is a carnivorous grazer of the epifauna, and in Sayer et al. 
(1996b) it is explained that the S. melops can graze fouling organisms, both 
from algal fronds and the sea bed. This could explain, in part, the occurrence 
of sand grains and sea urchins spines in the diet of the specimens caught in 
that study, which could be ingested coincidentally with the intended preyed 
item. In what concerns Chlorophyceae Wille and Rhodophyceae, Sayer et al. 
(1996b) stated that those are ingested intentionally. 
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Relatively to the diet of S. roissali, small organisms, as molluscs, 
crustaceans, sea urchins and hydrozoans‟ colonies, are foraged by these 
fishes and taken from the substrate or, frequently, from the belt of Cystoseira 
spp. (Voss, 1976). Moreover, this species is the principal predator of its own 
eggs (Lejeune, 1985).  
Conversely to the both previous species, there is no data about the diet 
of S. bailloni Quignard & Pras (1986).  
Considering the similarity in the diets of S. melops and S. roissali, it 
would be expected an interspecific feeding competition. However, the high 
productivity of the shallow waters in rocky reefs allowed several species to 
have high population densities. Conversely, the productivity is weaker in 
seagrass, deeper waters, and in sandy bottoms. Therefore, only the species 
more adapted to these environments can succeed (Lejeune, 1985). 
 
2.1.5 - Reproduction and spawning strategies 
The wrasses on which this study is focused are included in the tribe 
Labrini by exhibiting nest-building and broodcare behaviours (Hanel et al., 
2002). These behaviours are essential for Symphodus spp., known to have 
demersal eggs for being members of the Labridae family (Gücü & Yüksek, 
1994) since, in the same littoral environment where those fishes are found, 
many potential egg predators (labrids, sparids, bleniids, and other) exist 
(Lejeune, 1985). So, in order to their demersal eggs to survive, their 
development has to be protected (Lejeune, 1985). Besides this protection 
function, the nest can also have a role in attracting the females, i.e. without 
the presence of the nest‟s owner Potts, 1974).. This increases the possibility 
of an encounter between a female and the nest‟s owner, in an environment 
where the visual contact is only achievable when the fishes are close (Potts, 
1974).  
Quignard (1966) reported that, with the exception of some gonochoristic 
species, the protogynous hermaphroditism, i.e. individuals that change sex 
from female to male, is the dominant reproductive strategy of labrids. This is 
considered a sequential hermaphroditism (Robertson & Choat, 1974).  
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S. melops is one of the few wrasses that is gonochoristic (Dipper & Pullin, 
1979; Hilldén, 1984), i.e. remains with the same sex throughout their life. 
However, this wrasse has two types of males: the territorial-males and the 
non-territorial, but mature, „accessory‟ males, with female secondary 
characteristics.   
Males of S. melops develop their reproduction‟s colouration in their third 
year, during January (Potts, 1974), although Quignard (1966) and Hilldén 
(1984) defend that sexual maturity is reached during the second winter of 
age. In addition, in Dipper & Pullin (1979) it is mentioned that satellite males 
attain sexual maturity two years earlier than the territorial males. In the 
Mediterranean, its reproduction period starts at the end of March and can 
extend to June (Voss, 1976) and, in the Atlantic coast, occurs from Spring to 
early summer (Quignard, 1966). 
Although in Potts (1974) it is claimed that S. melops is a monogamous 
pair-spawner, in the same work, the author refers the possibility of this 
species being polygynous, instead of monogamous. However, Thangstad 
(1999) affirms that the pair-spawning of corkwing may take place with several 
females and, in Darwall et al. (1992b), males are classified as being 
polygamous.  
Potts (1974), describes that S. melops selects a spawning-site, usually a 
crevice, to build a nest (Figure 7) from pieces of algae (see more in Tavares, 
2009). Then the male courts a female through a “courtship display”. After the 
female spawns, which is alternated with male‟s fertilization, it is chased away 
by the male. Then, the latter guards the nest and fans water over the eggs 
with its pectoral fins, only attracting another female after the eggs‟ hatching.  
Being the fertilization external, the female is favoured because it can 
abandon the eggs, leaving the obligation of parental care to the male 
(Dawkins & Carlisle, 1976; Krebs & Davies, 1981). Thus, this kind of 
fertilization gives a certainty of paternity to the fish that, together with the 
territorial defence, triggers the male‟s parental caring instincts (Perrone & 
Zaret, 1979). 
In what concerns the reproduction period of S. roissali, it extends from 
mid-March to the end of June (Helas et al., 1982a) and depends on the water 
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temperature (Lejeune, 1985). There is no evidence of sex change in S. 
roissali (Warner & Lejeune, 1985) but there are two types of mature males 
described by Helas et al. (1982a) – nesting males and satellite males.  
Lejeune (1985) verified that the average weight of nesting-male‟s testes was 
lighter than the satellite males‟ average and, consequently, he concluded that 
satellite males produce and release more sperm. This could be explained by 
the fact that nesting-males spend much energy in building the nest, patrolling 
the territory and performing parental care by guarding and fanning the eggs 
(Lejeune, 1985).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(B) 
Figure 7 – Photograph of (A) male of Symphodus melops transporting  an 
algal fragment to the nest and (B)a male of Symphodus melops in its own 
nest 
Paul Naylor 
http://www.marinephoto.co.uk
/ 
(A) 
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Territorial males of S. roissali build more than one nest during the 
reproduction period and, between each nest cycle, they feed for a certain 
period of time which varies from individual to individual. Some males use the 
algal material of the last nest to build the new one (Figure 8) and, the place 
chosen for doing it, is, sometimes, close to the precedent nest (lejeune, 
1985). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The nests of S. melops are built with a particular structure (Potts,  1985; 
Tavares, 2009) while the nests of S. roissali, do not present a defined 
structure (Tavares, 2009).. 
(A) 
(B) 
Figure 8 - Photograph of (A) Photograph of male of Symphodus roissali 
transporting  an algal fragment to the nest and (B) a male of Symphodus 
roissali in its own nest 
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About the reproduction strategies of S. bailloni the data available is scarce 
but, Quignard & Pras (1986) referred that the reproduction occurs during 
Spring, and Almada et al. (2000)  includes in their inventory that the males of 
this species guard the eggs in nests built with algae (Figure  9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Females of Symphodus spp. share the particularity of laying few eggs 
when spawning, doing it several times a day on different nests to make up for 
an eventual problem with one male or an eventual destruction of a nest, 
which can happen due to strong winds (Lejeune, 1985; Raventos, 2004).  
Bárbara H. C. 
(A) 
(B) 
Gustavo Franco 
Figure 9 - Photograph of (A) Photograph of a male of Symphodus bailloni 
with a nest covered with algae and gravel and (B) a male of Symphodus 
bailloni with a nest mainly covered with gravel 
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Since the eggs all hatch simultaneously, the following displacement of the 
massive quantity of larvae, from the nest to the surface, is a critical phase for 
the survival of the offspring. That‟s because the larvae leave the protection 
provided by the nest and ascend in the water column, being vulnerable to a 
large number of predators until reaching the surface (Lejeune, 1985). Once 
the larvae reach the surface, the planktonic phase of Labridae lasts one or 
two months (Lejeune, 1985). 
These species are an example of r-strategists since large numbers of 
small eggs are produced, at an early stage, with low juvenile survival 
(Darwall et al., 1992b). 
 
2.2 - Other Symphodus spp.: S. cinereus (Bonnaterre, 1788), S. 
mediterraneus (Linnaeus, 1758) and S. rostratus (Bloch, 1797) 
 
2.2.1 - Global distribution and Habitat  
S. cinereus is considered a Mediterranean species being also found in 
the Atlantic, from the Spanish to the Portuguese coasts (Quignard, 1966). As 
mentioned above, it inhabits the sandy bottoms interspaced amongst 
eelgrass beds (Lejeune & Voss, 1980). 
S. mediterraneus can be observed in the littoral Mediterranean and in 
the Atlantic, from Portugal to Morocco, Madeira and Azores (Quignard, 1966). 
This is not a habitat specialized species since it can be found  in seagrass 
beds, in rocky reefs (Helas et al., 1982b) and next to boulders, with or without 
sand, in depths from 1 to 50 m (Porteiro et al., 1996).   
S. rostratus is an endemic species of the Mediterranean and Black 
Seas (Lejeune & Voss, 1979). However, some specimens were observed in 
Portugal, at the PLSMP (Henriques  et al., 1999). It can be found in rocky 
reefs and in seagrass and sandy bottoms (Lejeune, 1985). 
2.2.2  - Colouration patterns  
S. cinereus is dichromatic non-permanent (Lejeune, 1985).  
Lejeune & Voss (1980) affirms that, during the winter, both sexes have a 
pale grey-beige colouration but can be distinguished.  Males have a small 
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spot in the base of the first rays of the dorsal fin and a larger one in the lower 
part of the caudal peduncle (see picture (A) in Figure 10) and can present 
two brown longitudinal lines in the flanks. Females have a brown bar that 
goes from the snout to the eye and several narrow stripes beneath that bar. 
However, during the reproduction period, when attracting females, males 
can present the longitudinal lines mentioned before or, instead, can show six 
to seven vertical brown lines in the flanks (Lejeune & Voss, 1980). This 
appearance is homochromic with the algae of the nest, turning the male 
almost invisible when it is above the nest.  Curiously, females can present 
those longitudinal lines when approaching a nest (see picture (B) in Figure 10) 
or when agonistic interactions with other females occur. In spite of this 
feature, females show a large blue urogenital papilla during the spawning 
period. 
Younger males have both spots but, their colouration, is less conspicuous 
(Lejeune, 1985). 
In addition there is another possible appearance which is completely light 
green (see picture (C) in Figure 10), both in males and females (Lejeune & 
Voss, 1980). 
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(B) 
(A) 
Robert Patzner 
Figure 10 – Photographs of Symphodus cinereus. (A) a male, (B) a female 
and a male above the nest and (C) an individual with a green appearance.  
Antonello Cau 
(C) 
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S. mediterraneus is dichromatic permanent (Lejeune, 1985) and has a 
pronounced sexual dimorphism (Porteiro et al., 1996). 
Both sexes present: 1) a black or darker blue blotch on the pectoral fins‟ 
base, which is contorned by a yellow line, 2) a large spot on the upper part of 
the caudal peduncle, above the lateral line (Lejeune, 1985; Porteiro et al., 
1996; Quignard & Pras, 1986). Additionally, in all the individuals, the eye is 
surronded by a very characteristic yellow line which is consequently circled 
by a green line (Helas et al., 1982b) and the lips are white (Helas et al., 
1982b; Raposeiro & Azevedo, 2009). 
According to Lejeune (1985), larger males are conspicuously coloured 
and have: 1) red brick flanks, 2) a blue gular region and belly, 3) some 
narrow blue longitudinal lines on the upper part of flanks, that go from the 
head to the peduncle and 4) transversal blue lines in front of the eyes. 
Usually, the edges of the fins, except for the pectoral fins, are blue 
(Raposeiro & Azevedo, 2009).  
Females (see picture (A) in Figure 11) and younger males have an 
homochromic appearance (Helas et al., 1982b). The body is usually brownish 
but some females can have pink or orange flanks. The belly is pale and the 
mature females have a blue and large urogenital papilla (Porteiro et al., 
1996).  
In addition, it is possible to find, in males or females, some whitish 
transversal lines in flanks (see picture (B) in Figure 11). In males, according 
to Lejeune (1985), those lines are observed when the individual was 
searching for algae in order to build the nest (see picture (C) in Figure 11). 
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(C) 
C. COUDRE 
(A) 
(B) 
Figure 11 – Photographs of Symphodus mediterraneus. (A) a female, (B) 
a male with the whitish transversal lines visible, and (C) a male 
transporting an algal fragment in its mouth; its white lips are 
conspicuous 
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S. rostratus is easily recognized by an elongated snout, as well as the 
concave upper profile of the head (Lejeune & Voss, 1979). They have no 
colouration changes and do not present any differences in coloration 
between males and females (monochromatic) (Lejeune, 1985). Although, in 
the study of Lejeune & Voss (1979) four types of appearance have been 
described. Generally, younger individuals are green and older are grey 
(Arigoni et al., 2002). However, it is also possible to observe light-green 
individuals (see picture (A) in Figure 12), that live in seagrass (Lejeune & 
Voss, 1979), being highly mimetic and can escape the diver‟s attention 
(Harmelin-Vivien & Francour, 1992). All the appearances have several little 
whitish superimposed spots, arranged in a non-organised way and one of 
those spots is positioned in the middle of the caudal peduncle (Lejeune & 
Voss, 1979), see picture (B) in Figure 12. On the head, there is always a thin 
whitish line which extends from the upper lip to the base of the dorsal fin 
(Lejeune & Voss, 1979). All the individuals present a brown facial mask till 
the eye (see picture (C) in Figure 12), except in spawning females and in the 
individuals with the light-green appearance (Lejeune & Voss, 1979). In the 
reproduction period, females have a swollen belly and the urogenital papilla 
is blue (Lejeune & Voss, 1979).  
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(A) 
Robert Patzner 
(B) 
Stefano Guerrieri (C) 
Figure 12 – Photographs of Symphodus rostratus. (A) an individual with 
the light-green appearance, (B) a male above its own nest and (C)  an 
individual with a conspicuous facial mask 
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3. Behavioural patterns of Symphodus spp. and its 
relationships with habitat, at the Arrábida Marine 
Park 
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Introduction  
Nowadays, society‟s attention is turned to the decline of fisheries 
resources and to the destruction of fragile habitats. This global problem has 
triggered an increase of studies about Marine Protected Areas (MPAs), as 
one of the few possible solutions to preserve habitats and species (Pauly et 
al., 1998; Abdulla et al., 2008). However, several questions arise when an 
MPA is being planned: Which strategy should be applied? One large area, or 
several smaller ones? Where to apply? Inshore or offshore? To which group 
of species or type of habitat should it be targeted for?  
Therefore, in order to correctly establish an MPA, i.e. to obtain 
advantages and success on its application, the answer to those questions 
has to be based on the knowledge about the life-history patterns of the 
species of interest, about its behaviours, about the habitats from which they 
depend and about the species‟ role in the ecosystem. These information, as 
well as the data on spatial and temporal distribution of fishes, are required 
before a protected area is established (Sheperd, 1984), in order to include 
the necessary habitat diversity to accommodate a wide range of fish species 
(Friedlander & Parrish, 1998). 
Hence, uncovering and understanding the associations between species 
and habitats is a priority in the long journey to improve the current situation in 
the seas.   
In what concerns reef fish communities, their distribution patterns 
throughout the habitats, particularly, in temperate waters, were already 
subject of many studies (Almada et al., 1999).  
Relatively to the equilibrium disturbance in the underwater environment, 
most of it derived from human hands (directly or indirectly). However, other 
factors are capable to induce changes in fish communities and habitats.  
The spatial distribution of fishes, as well as fishes‟ behaviours, can 
change in function of rhythmic factors like photoperiod, lunar cycle and 
seasons, or arrhythmic factors such as turbidity, currents and weather 
conditions (Harmelin-Vivien et al., 1985). 
 In addition, fish distribution throughout the habitats can be inter and 
intraspecific. The latter is frequently related to the individuals‟ size (Harmelin-
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Vivien et al., 1985) since, during fish‟s development, the dependence on the 
habitats suffers meaningful changes. For example,  during the settlement 
phase, the role of the substratum type, or the habitat, on the structure of the 
community can be noticed immediately (Macpherson, 1994).  
According to Sale (1991), there are, also, biotic and abiotic factors that 
are able to influence the reef fish distribution (although the author was 
referring to coral reefs). As biotic, he mentioned competition, recruitment and 
predation and, as abiotic, he points exposure, depth and water quality. 
Another determinant factor on fish communities is the habitat complexity, 
i.e. the spatial arrangement and diversity of surface types (McCormick, 1994), 
which results in a three-dimensional structure of the substratum, permitting 
the harbouring of a wide range of fishes (Friedlander & Parrish, 1998). This 
complex structure, found at both types of reefs (coral and rocky), gives origin 
to refuges (of several sizes, from interstitial spaces to large holes) but can 
also produce barriers that lead to the fragmentation of the area, resulting in 
more heterogeneous assemblages (Sebens, 1991). In the case of rocky reefs, 
several micro-habitats such as holes and crevices of rocks, coralligenous 
algae beds and spaces under boulders could be found (Almada et al., 1999). 
Moreover, since substratum represents a habitat for invertebrates, which 
constitute a food resource for many reef fishes (Parrish et al., 1985), the 
different structural features of habitat can provide, as well, a change in the 
availability and in the rate of acquisition of those resources (Safriel & Ben-
Eliahu, 1991). As it was mentioned by Almada et al. (1999) for high latitudes, 
fishes have to deal with seasonal changes, such as the abundance of prey 
items, degree of turbulence, water temperature, light intensity and algal cover, 
by searching for other locations or staying inactive. It is documented that 
some labrids (Hilldén, 1984) show low levels of activity during the winter. 
In temperate seas, an important feature of the shallow rocky substrata is 
a well diversified and abundant algal cover (Ruitton et al., 2000). This 
contributes to the substratum complexity (Wharton & Mann, 1981) and, 
consequently, can influence fish assemblages in their habitat selection 
(Patton et al. 1985; Choat & Ayling, 1987). That influence, is based on the 
diversity of preys that inhabit the algal cover (Ruitton et al., 2000). 
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 A well represented group of fishes that inhabit the dense belt of algae of 
the shallow rocky substrata, are wrasses and, in particular, Symphodus spp.. 
These are demersal and small semi-vagile fishes that find shelter and 
feeding areas (Hilldén, 1984) and nesting sites (Quignard, 1966; Lejeune, 
1985) among the algae.  
In what concerns studies solely dedicated to labrids‟ distribution 
throughout habitats, in temperate seas, these are very scarce (Treasurer, 
1994; Tuya et al., 2009). However, there are other studies that deal with 
several fish families and that mention the genus Symphodus, or even some 
of the Symphodus species (e.g. García-Rubies & Macpherson, 1995; Ruitton 
et al., 2000; Frau et al., 2003; Malavasi et al., 2004; Deudero et al., 2008). 
In addition, there are few studies using an eco-ethological approach (e.g. 
Hilldén, 1984, Lejeune, 1985; Arigoni et al., 2002; Lipej et al., 2009) to 
explain wrasses distribution throughout the habitats. 
Therefore, this study‟s aim is to examine, by a behavioural perspective, 
the extent to which substratum type explain the small-scale distribution 
patterns of the following temperate wrasses: Symphodus bailloni, S. melops 
and S. roissali.  
The objectives of this study were: 1) to analyze the distribution of the 
three species, and their size classes, by depth; 2) to verify if the species are 
distributed in a greater depth range during the reproduction inactivity period; 
3) to detect how the depth varies within each species during the sampling 
period; 4) to investigate the intensity of each category and the variation of the 
total number of behaviours, as well as the variation of the number of different 
behaviours  throughout different seasons; 5) to detect possible preferences 
on the algae where Symphodus species search for preys; 6) to clarify if the 
hovering behaviour is merely performed  in the presence of a cleaner species, 
and if the individuals with ectoparasites were equally distributed by the three 
protection areas; 7) to analyze these species‟ inter and intraspecific Agonistic 
Interactions; 8) to determine if the distance, from the individual to the 
substrate, varies between behaviour categories; 9) to investigate if there are 
associations between Symphodus spp. and the different available habitats 
(physical and biotic) to perform specific categories of behaviour; 10) to 
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examine if there is a sequence pattern, between the behavioural categories 
performed during the Autumn and the Spring seasons, and also 11) to 
compare our data on the occurrence of Symphodus cinereus, S. 
mediterraneus and S. rostratus, with the data from other studies at the 
PLSMP. 
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Methodology 
Study area  
The study was conducted at the Professor Luiz Saldanha Marine Park 
(PLSMP), Portugal, which has three types of protection areas: Buffer area 
(BA), Partially-protected area (PPA) and Fully-protected area (FPA). The 
PLSMP is a sheltered temperate marine area, of ca 53 km2, that until depths 
of 15 meters, it‟s characterized by a rocky subtidal habitat with dense algal 
cover (Henriques & Almada, 1997), mainly with Asparagopsis armata Harvey, 
Cystoseira usneoides (Linnaeus) M.Roberts (Henriques et al., 1999). 
The sampling sites (see Table 1 and Figure 13) were distributed 
throughout the different types of protection areas of the Marine Park.  
Table 1 – List of the sampling sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Before the sampling, several training dives were conducted to perform 
preliminary observations and to improve the identification of the species in 
this study (based exclusively on the coloration patterns and body markings) 
and the behaviours of these species. 
Code Name Type of protection area GPS coordinates 
a Bobaleiros BA 
38°25'36,20"N 
 009°10'11,50"W 
b Tranca BA 
38°25'43,90"N  
009°10'00,30"W 
c Olhos BA 
38°25'46,30"N  
009°09'25,80"W 
d Pirâmides BA 
38°25'41,80"N  
009°09'06,40"W 
e Pedra do Leão (W) PPA 
38°26'04,90"N  
009°04'11,10"W 
f Pedra do Leão (E) PPA 
38°26'03,50"N  
009°04'03,90"W 
g Derrocada FPA 
38°26'47,50"N  
009°02'23,30"W 
h Cabo Afonso FPA 
38°26'48,50"N  
009°01'35,70"W 
i Risco FPA 
38°27'03,90"N  
009°01'13,30"W 
j Pinheirinhos (W) FPA 
38°27'18,00"N  
009°00'36,01"W 
k Pinheirinhos (E) PPA 
38°27'19,40"N  
009°00'24,70"W 
l Baía do Nocturno PPA 
38°27'35,10"N  
008°59'51,80"W 
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Figure 13 - Satellite images of the study site. (A) Portugal, (B) Arrábida region, (C) Location of the 
sampling sites at the BA (red rhombus), and (D) Location of the sampling sites at the PPA (red 
circles) and at the FPA (red triangles).  
These images where obtained from Google Earth in 15
th
 September 2010  
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 Species 
The species in this study were Symphodus bailloni, S. melops and S. 
roissali. According to Henriques et al. (1999), at PLSMP, S. melops is very 
common and S. bailloni and S. roissali are common.  
Although S. cinereus was also considered as a common species on the 
work of Henriques et al. (1999), it was excluded from the principal aim of this 
work. This exclusion was due to the fact that, its preferential habitat are the 
sandy bottoms interspaced amongst eelgrass beds (Lejeune & Voss, 1980), 
which are, currently, a rare type of substrate in this Marine Park. In addition, 
at PLSMP, it is possible to find another two species of this genus: S. 
mediterraneus and S. rostratus. However, since these species are 
considered to be practically at their northern distribution limit, they are 
infrequent to observe in the study area and were, because of this, registered 
as rare in the study of Henriques  et al. (1999). So, for these reasons, the last 
two species were also excluded from the principal aim of this work.  
It should be pointed that in PLSMP, the species Symphodus cinereus, S. 
mediterraneus, S. roissali and S. rostratus are considered strictly protected 
species. 
 
Sampling procedure and technique  
The sampling consisted of 2 campaigns. The first campaign (C1)  
occurred from October until December (Autumn) of 2009, while the second 
(C2) started in April and ended in June (Spring) of 2010. Eleven sites were 
sampled in the first campaign (4 in FPA, 4 in PPA, but only 3 in BA) and, on 
the second campaign, apart from those eleven sites, an extra site was also 
sampled (site c in BA). All the sampling was performed by the same diver.  
A non-destructive visual sampling technique was performed through 
scuba diving surveys. In every site, during a visual random transect method 
(Harmelin-Vivien et al., 1985), 18 individuals (6 individuals of each species) 
were observed through the application of a focal sampling method (Martin & 
Bateson, 2007). Each individual was observed during one minute, and a 
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continuous record was applied. The focal sampling time was controlled using 
the diving computer (Aladin Prime UWATEC).  
The observation period, on which the distance between the observer  and 
the individual under observation could range between 1m and 2m, was 
immediately followed by the registration (which could last from one to three 
minutes). In this registration phase, the use of abbreviations was useful to 
save time (essential in underwater studies). After this phase, the observer 
followed a random direction, to observe the next individual. To prevent the 
risk of pseudoreplication (since the species in this study are common in the 
study site), it was sought to avoid consecutive observations of two individuals 
of the same species, size class or gender. 
When the registration phase, of one or more individuals‟ observation, took 
more time than expected, it wasn‟t possible to observe the 18 individuals on 
the same dive (since the air supply in the diving cylinder was no longer 
sufficient). That led to a second (and, in some sites, to a third) survey on the 
sites where those delays occurred, during the same campaign (see Table 2). 
The sampling dives‟ details can be consulted in the Annex A and B.  
Table 2 – Number of dives in each Site 
 
 
 
 
 
 
 
 
 
 
 
 
  Number of dives 
Code Name C1 C2 
A Bobaleiros 2 2 
B Tranca 2 2 
C Olhos 0 3 
D Pirâmides 1 3 
E Pedra do Leão (W) 2 2 
F Pedra do Leão (E) 2 2 
G Derrocada 1 2 
H Cabo Afonso 1 1 
I Risco 1 1 
J Pinheirinhos (W) 1 1 
K Pinheirinhos (E) 1 2 
L Baía do Nocturno 2 1 
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The registration consisted in recording the individuals‟ species, size 
(estimation of total length, TL, to the nearest centimeter), gender and depth. 
The latter was pointed in the beginning and in the end of the observation 
period. The sequence of behaviours, performed by each individual, was 
registered, as well as the habitat, either physical or biotic, where each 
behaviour was observed. For posterior analyses, all the behaviours were 
grouped into categories. In addition, the distance between the individual and 
the substrate during each behaviour, was also registered. The biotic habitat: 
macroalgae and macroinvertebrates, were identified to the lowest possible 
taxon, based on its external characteristics, according to Algaebase 
(http://www.algaebase.org/) and to Wirtz & Debelius (2004) respectively, and 
the different types of substratum of the physical habitat were adapted from an 
ongoing project, from Beldade (n.d.) and from Almada et al. (2000) (see 
Table 3 and 4). Algae functional groups  (Table 5) were defined based on 
Steneck  (1994) and Franco  (2007). 
Table 3 – Type of physical macro-habitat 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Macro-habitat Code 
bedrock bd 
large rock lr 
medium rock mr 
small rock sr 
gravel gr 
sand (fine and coarse) sa 
pebbles pb 
interface sand/rock s/r 
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Table 4 – Type of physical micro-habitat 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5 – Algae grouped by functional group 
Micro-habitat Code Observations 
fine sand fs Grain sizes: [0,05-1mm[ 
course sand cs Grain sizes: [1-2mm[ 
above gravel a/gr Particle sizes: [0,2-2cm[ 
above pebbles pb Particle sizes: [2-10cm[ 
above small rocks sr Size: <30cm 
above medium rocks mr Size: [30cm-1m] 
above large rocks lr Size: >1m 
small crevice 1 sc1 [o*:<30cm][d**:<30cm] 
small crevice 2 sc2 [o:<30cm][d:30cm-1m] 
large crevice 1 lc1 [o:>30cm][d:<30cm] 
large crevice 2 lc2 [o:>30cm][d:30cm-1m] 
overhang 1 oh1 [d: <30cm] 
overhang 2 oh2 [d: 30cm-1m] 
overhang 3 oh3 [d: >1m] 
small hole shol [o:<30cm][d:<30cm] 
medium hole 1 mhol1 [o:30cm-1m][d:<30cm] 
medium hole 2 mhol2 [a:30cm-1m][d:30cm-1m] 
channel ch Diameter <30cm 
corridor between two rocks cd  
vertical rock (wall) vr  
interface sand/rock s/r  
above bedrock bd  
*o: opening; **d: depth 
Algae Code Functional group 
Codium vermilara (Olivi) Chiaje Cver 
Corticated macrophytes 
(CM) 
Cystoseira C. Agardh Cyst sp 
Halopteris Allman, 1877 Halo sp 
Plocamium  Lampouroux Ploc sp 
Sargassum flavifolium Kützing Sfla 
Sphaerococcus Stackhouse, 1797 Spha sp 
Spatoglossum solieri (Chauvin ex Montagne) Kützing Ssol 
Ceramium ciliatum (J. Ellis) Ducluzeau 1806 Ccil Filamentous algae 
(FILA) Falkenbergia rufolanosa (Harvey) F. Schmitz Frof 
Corallina Linnaeus, 1758 Cora sp 
Articulated calcareous algae 
(ACA) 
Dichtyota dicotoma (Hudson) J.V. Lamouroux, 1809 Ddic Corticated foliose algae 
(CFA) Dictyopteris polypodioides (A.P. De Candolle) J.V.Lamouroux Dpol 
Mesophyllum  Lemoine, 1928 Meso sp Crustose algae 
(CA) Peyssonnelia squamaria (S.G.Gmelin) Psqu 
Saccorhiza Bachelot de la Pylaie, 1830 Sacc sp 
Leathery macrophytes 
(LM) 
Ulva Linnaeus, 1753 Ulva sp 
Foliose algae 
(FOLA) 
Without algae w/ alg (WA) 
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These registrations were carried out on waterproof sheets (Nevertear 
from Xerox), which were attached to a plastic slate and written with an 
ordinary pencil. The laser printed registration table can be consulted on the 
Annex C. 
In what concerns the observation of the other Symphodus species (S. 
mediterraneus, S. rostratus and S. cinereus), an opportunistic registration 
was applied, i.e. every time an individual of these species was sighted, its 
occurrence was registered (micro-habitat and depth). 
The random transects ranged from 1,3m to 11,8m and the sampling was 
always performed during daylight (1000 and 1730 hours) since the studied 
fishes are diurnal. The visibility ranged from 5m to 13m (unpublished data of 
the ongoing project). 
Since objects appear ca 30% larger underwater (Bell et al., 1985), the 
diver conducted a training of visual fish size estimation (total length) with 
PVC pipes (Bell et al., 1985) to develop his skill in estimating lengths. This 
training was made prior to each sampling season since, over time, those 
estimations begin to gradually diverge from reality (Harmelin-Vivien et al., 
1985). 
 
Data analyses 
 
Spearman correlations between estimated and real values of PVC pipes 
(of both campaigns) were calculated and a subsequent evaluation of the 
associated error (how much of the length was visually overestimated) was 
performed in order to correct the estimated size of each individual and the 
estimated distance, from the substratum to the individual, for every behaviour 
observed.  
Length classes were established for each species, according to the 
maximum and minimum TL of all the individuals observed during sampling. 
Two classes were established for each species - Small and Large. These 
classes were obtained by halving the interval between the minimum 
observed TL and the maximum observed TL, of the species in question. The 
lower half included the smaller individuals and, the higher, the larger ones. 
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The hideouts used by Symphodus spp. were investigated in both 
campaigns, with a indication of their use by both size classes. 
The depth values, registered in each sampling dive, were reduced to the 
Mean Sea Level (MSL). For this, initially, depths were reduced to Chart 
datum (CD), taking into account the time and height data of the high and low-
tides referred for Sesimbra in the respective Tides Table (Instituto 
Hidrográfico, 2009 and 2010).  Finally, the obtained depth values were 
reduced to Sesimbra‟s MSL, two meters above the respective CD (MSL= CD 
+ 2m).  
Relatively to depth, several analysis were performed. First, an exploratory 
analysis was conducted to assess the distribution of species with depth strata 
(defined according to the minimum and maximum registered depths; first 
stratum: from 1m to 6m; second stratum: from 7m to 11m). Then, a Kruskal-
Walis test was applied to compare the distribution of the three species by 
depth (it was used the average of the observation‟s initial and final depths). 
This non-parametric test and the following, were conducted since the 
assumptions of normality and homocedasticity were refuted for p<0,05 (even 
after the attempts with the data transformation). The post hoc Dunn‟s test 
was used to identify the species responsible for the significant differences. 
Additionally, t-tests were performed for each species, between S and L 
classes, to detect if these are differently distributed by depth. To assess if the 
studied species are found at greater depths when are off of the reproduction 
period, a Mann-Whitney U test  was applied to each species. To verify if the 
species explore the reef differently, in what concerns the variation of depth 
during the observation period, the average of that variation was calculated for 
each species.  
Moreover, diverse aspects related to the behaviours data were explored.  
The intensity (local rate) of each categories was analysed. Then, it was 
examined how the total number of behaviours and the number of different 
behaviours vary between species and campaigns. The food items bitten 
throughout both campaigns, identified whenever it was possible, were 
analyzed. Additionally, a comparison between campaigns, concerning the 
average number of bites counted in each day, was made.  
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To notice if the hovering behaviour, in each species, is independent of the 
species that is approaching, it was applied a Chi-square goodness-of-fit test. 
A Chi-square test was performed to detect if there was significant 
differences between the condition of the individuals (with and without 
ectoparasites), throughout the three type of protection areas, followed by a 
partitioning of the original contingency table. 
The agonistic behaviours observed in each size class (within each 
species) were compared by campaign, and the quantity of interspecific and 
intraspecific agonistic interactions was illustrated for both campaigns. Then, a 
Chi-square goodness-of-fit test was applied, for each Symphodus species, to 
reveal if the (absolute) frequencies of agonistic interactions are independent 
of the opponent species. 
 Another Kruskal-Walis test was applied to assess if the distance between 
the substrate and the individual (during all the behaviours observed, and for 
each of the three Symphodus spp.) differs according to the category of the 
performed behaviour. To assess the categories which cause significant 
differences, the post hoc Dunn‟s test was used. 
All the previous analysis were in Statistica 9.0. 
To comprehend if the behaviour‟s categories occurred differently between 
Symphodus species and between different types of habitat (different levels of 
biotic and physical habitat complexity where tested), a permutational multiple 
ANOVA (PERMANOVA) was performed (with 999 permutations) in the 
software package PRIMER® 6β (Clarke & Gorley, 2006). It was based on 
Eucledian distances and data were log (x+1) transformed. When differences 
were significant, pair-wise tests were applied to analyse which were the pairs 
causing those differences. 
A Multidimentional scaling plot was obtained for each case, to illustrate in 
a two-dimentional depiction the differences revealed by the PERMANOVAs. 
In addition, to determine which categories best contributed to the similarity 
within groups (habitats), or to the dissimilarity among groups a SIMPER 
(similarity of percentages) procedure was conducted as a post hoc analysis 
(based on Euclidean distances). A cut off percentage of 90% was used to 
exclude low contributions. 
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To support the intrepertation of the several MDS, the physical and the 
biotic habitat‟s utilization was graphically analysed, in detail, only on the 
Exploring, Foraging and Rest categories.  
Since the behavioural component of the present study had an exploratory 
character, i.e. the intention was to examine all the possible sequences, it was 
decided to explore the (lag 1) sequences, at the categories level. 
Consecutively, in the following analysis, two important aspects have to be 
taken into consideration. First, each category was considered as a state, and 
second, it was decided that adjacent states could be the same. Then, the 
matrix of transitional probabilities between categories was constructed a 
state transition diagram for each campaign. 
 To reveal the sequences that occurred more often than expected, z-
scores, based on Sackett (1979), were calculated (significant differences 
when z-score>1,96; p<0,05). Z-scores were computed since the assumption 
of sufficient data to perform them was satisfied. To gauge if there was 
sufficient data, the Bakeman & Gottman‟s formula (1986) which is 
appropriated to exploratory studies was used: Minimum number of 
sequences= 9/[probability of any possible two-event sequence x (1-
probability of any possible two-event sequence)]). This formula derived from 
the Siegel‟s rule. 
 
Results 
 
In the first campaign, 198 individuals were observed (corresponding to 
198min of observation) while, in the second campaign, 216 individuals were 
observed (resulting in 216min of observation).  
The 42 behaviours identified were grouped in 8 categories: Exploring, 
Foraging, Rest, Agonistic Interactions, Cleaning, Courtship, Reproduction, 
and Nidification. The last three categories were only observed during C2. All 
the behaviours observed in the three species are listed in Table 6 and were 
defined on the Ethogram (Annex D). 
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Table 6 - List of behaviours and categories observed in S. bailloni (Sbail), S.  
melops (Smel) and S. roissali (Srois). 
Categories Code Behaviour Sbail Smel Srois 
AGONISTIC 
INTERACTIONS 
(AGINT) 
Car Carousel    
Chas Chasing    
CC Colour Change    
Esc Escaping    
FT Frontal threatening    
PP Parallel Parade    
SUF Stretching Unpaired Fins    
CLEANING 
(CLEAN) 
Chaf Chaffing    
Hov Hovering    
COURTSHIP 
(COURT) 
AF Attracting a Female    
DF Displaying Flank    
EMSO Escaping from a Male that is Swimming Ostentatiously    
EXPLORING 
(EXPLO) 
Cir Circumventing    
DC Displaced by the Current    
HT Half Turn    
IH Inspecting the Habitat    
KP Keeping Position    
Swi Swimming    
SF Swimming Fast    
STOS Swimming Tilted to One Side    
SC Swimming in Circles    
FORAGING 
(FORAG) 
Apr Approaching    
Bit Biting    
Che Chewing    
Def Defecating    
EATO Eating Again what was Thrown Out    
Pul Pulling    
TO Throwing Out    
NIDIFICATION 
(NIDIF) 
CRS Catching and Releasing Sand    
DAFN Dropping the Algal Fragment in the Nest    
GN Guarding the Nest    
HN Hovering above the Nest    
NM Nest Maintenance    
PAAFTO Picking Again the Algal Fragment which was Thrown Out    
PAF Picking an Algal Fragment    
SCCA Swimming in Circles, Carrying an Algae    
TA Transporting an Algae    
REPRODUCTION 
(REPRO) 
LN Leaving the Nest    
Spa Spawning    
REST 
(REST) 
Hid Hiding    
LD Laying Down    
Yaw Yawn    
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The correlations between estimated and real values of PVC pipes were 
0,96 in C1 and 0,93 in C2, and, on average, length was visually 
overestimated ca 35% in C1 and ca 34% in C2. After sizes‟ correction, two 
classes were established for each species - Small and Large (Table 7). 
Additionally, the minimum size from which it was possible to identify both 
genders is pointed, for each species, in Table 8. 
 
Table 7 – Size classes established for the three species 
 
 
 
 
 
Table 8 – Minimum size in which the gender was identifiable in each species 
 
 
 
 
 
 
 Considering each type of protection area and the number of individuals in 
both size classes (of each species), a similar pattern can be detected when 
comparing both campaigns (Figure 14). There is a greater number of 
individuals in the “Small” class than in the “Large” class. However, S. bailloni 
was an exception, since the number of individuals is the same in both 
classes at PPA, during C1. 
Code Class S. bailloni S. melops S. roissali 
S Small 6-14cm 4-12cm 4-10cm 
L Large 15-22cm 13-22cm 11-17cm 
 
Campaign Male Female 
S. bailloni 
C1 9 11 
C2 10 9 
S. melops 
C1 13 11 
C2 7 6 
S. roissali 
C1 5 4 
C2 7 6 
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In what concerns the habitat structures used as hideouts by Symphodus 
spp. (information that derives from the observations of the Hiding behaviour), 
it was verified that Cystoseira sp. was the macroalgae used more often, with 
this purpose, by the three species with similar percentages, during C1 
(Figure 15). Additionally, there is a predominance of physical micro-habitats 
used as hideouts in C2. S. bailloni, used more frequently oh2 for hiding, 
whereas individuals of S. roissali hidden more often in oh1 S. melops used 
both oh3 and oh2 similarly. The smaller individuals were the ones hiding 
most. 
Figure 14 – Individuals grouped by size class in the respective species, and 
organized by type of protection area in both Campaigns. 
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Figure 15 – Hideouts used by the three species during both campaigns. Sample sizes are 
girven by the bar graphs. 
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The distribution of the individuals of each species in both depth strata 
is represented in Figure 16. With the exception of S. melops, that has more 
individuals in the shallower strata, all the others have a higher number of 
individuals in the deeper strata. 
 
 
 
 
 
 
 
 
 
 
 
 
Significant differences were verified in depths used by these species 
(H=16,64, p<0,0002), due to S. melops being found at lower depths when 
comparing with the other two Symphodus spp. (Figure 17). 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 17 – Depth range of the three species in study. 
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Figure 16 – Distribution of the individuals observed in both depth strata 
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Figure 18 – Sampling represented by the number of Acts per hour occurred in each Category, for 
each species 
When it was investigated, if depth was used differently by both size 
classes, in each species, it was revealed that there were no significant 
differences between them (p>0,05). 
Through the comparison of the range of depth explored by each species, 
between both campaigns, it was verified that there were not significant 
differences within species (p>0,05).  
Finally, it was revealed that, during the observation period, S. roissali  
was the species with the shorter variation of depth (0,16m), whereas S. 
bailloni and S. melops were similar (0,33m and 0,31m). 
 
The representation in Figure 18 exposed the Intensity (local rate) of each 
category. It revealed a predominance of the Exploring category, followed, in a 
decreasing order, by the Foraging and Rest categories in both campaigns. It 
could be noticed an increase of acts per hour from C1 to C2, on the three 
species, in the Exploring and Foraging behaviours. Conversely, there is a 
decrease in the Rest category. In what concerns the categories Agonistic 
Interactions and Cleaning, there seemed to be no relevant differences 
between C1 and C2. 
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In Figure 19, it can be verified that the groups of individuals with higher 
total number of behaviours, are better represented in C2 than in C1, in the 
three Symphodus species. The behaviour performed by the eleven 
individuals that shown only one behaviour during all the observation period, 
was swimming, with the exception of one individual that was laying down in 
C1, and another (a female) which was spawning in C2. 
Relatively to the analysis of the number of different behaviours in each 
individual, throughout both campaigns, a similar pattern is detected. The 
groups of individuals with a higher number of different behaviours appear 
mostly in C2, in the three species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19 – Individuals of each species grouped by the total number of behaviours and by 
the number of different behaviours 
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Figure 20 – Food items captured by the three Symphodus spp. in both campaigns. 
In what concerns the Foraging category, it is possible to detect in Figure 
20  that Halopteris sp. and Plocamium sp. were identified being bitten in both 
campaigns by the three species. Halopteris sp. was bitten more frequently by 
S. bailloni and S. roissali in C1, and Plocamium sp. was observed more often 
in S. roissali during C1. A. armata, with the exception of S. melops in C1, was 
only, and frequently, bitten in C2, by the three Symphodus spp.. The species 
F. rufolanosa is also well represented during C2, in the three species. 
Additionally, it should be referred that the alga bitten more often by S. 
roissali in C1 was Mesophyllum sp., being, in the other hand, rarely bitten by 
the other Symphodus spp., in both campaigns. A. pluma and Coralina sp. 
were observed being nibbled by S. bailloni and S. melops during C1. 
 
  
 
 
 
 
 
 
 
 
 
 
 
The average number of bites per day were greater in the second 
campaign (Spring), in the three Symphodus species. The number of 
individuals with zero bites in each species, was higher in C1 (Figure 21), 
although, in S. roissali, it remained high also during C2. The number of 
individuals with four and five bites per observation period was higher during 
C2, with the exception of S. roissali. 
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The nests found during the focal sampling in C2 are listed in Table 9. 
While S. melops nesting males seem to build their nests only in overhangs, 
the other two Symphodus spp. have constructed nests in several types of 
physical micro-habitat.  
Table 9 – Micro-habitat and depth where each nest was found, and algae 
transported to the nest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Species 
 
Nº Micro-habitat Depth 
Algae species transported to the nest 
(absolute frequency) 
S. bailloni 
 1 
bd 
2,8 
 A. Armata (23)  2 2,8 
 3 Lr 6,5 
S. melops 
 4 
oh1 
4,1 
 Plocamium sp. (4) 
 Sphaerococcus sp. (1) 
 5 7,4 
 6 7,4 
 7 oh2 4,4 
S. roissali 
 8 
bd 
8,0 
 A. Armata (25) 
 Cystoseira sp. (4) 
 D. polypodioides (5) 
 Halopteris sp. (8) 
 9 7,6 
 10 5,7 
 11 4,9 
 12 2,4 
 13 Lr 3,5 
 14 mr 4,7 
 15 
oh1 
5,8 
 16 5,1 
 17 oh2 6,2 
 18 s/r 6,6 
 19 sc1 6,1 
 20 sc2 2,9 
Figure 21 – Individuals of each species grouped by the number of bites occurred 
during the respective observation period 
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The absolute frequencies of the hovering position, in each Symphodus 
species, were submitted to a chi-square goodness-of-fit test. These tests 
revealed that, for S. melops to acquire this position, it depends on the 
species that approaches it (p<). Conversely, it is independent in 
S. bailloni (p> and in S. roissali (p>0,05). From the 22 
occurrences of this behaviour, just three of them involved contact and it was 
between C. exoletus and S. melops. 
 
Since only one individual was observed with an ectoparasite during C2 
(Table 10), the analysis of ectoparasitism was only performed to C1. The 
Chi-square test revealed that individuals condition (with or without 
ectoparasites) is not independent of the type of protection area 
(p<0,03). The posterior partitioning of Chi-square (in two 
contingency tables) had shown that the number of individuals without 
ectoparasites is independent of the type of protection area (p>0,05) 
but, on the other hand, it revealed that the number of individuals with 
ectoparasites is dependent of the type of protection area (p<0,03), 
being, in average, more abundant in FPA. 
Table 10 – Details related to individuals with ectoparasits 
Campaign Area Species Gender Class 
Total nº of 
behaviours 
Nº 
Parasits 
Body part 
C1 
PPA S. roissali 
f 1 1 2 Not registered 
m 1 5 1 Behind the left eye 
FPA 
S. bailloni 
f 1 4 1 Behind the left eye 
nid 1 3 1 Above the right eye 
S. roissali 
f 2 4 1 Above the right eye 
m 
2 6 2 
One big above the right eye 
and one small in the right flank 
1 5 1 Above the right eye 
1 3 1 Behind the left eye 
C2 BA S. roissali f 2 10 1 Above the right eye 
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Figure 22 revealed that, during C2, more agonistic interactions had 
occurred (although the difference from C1 had not been huge), and have 
shown that the Escaping behaviour was performed more often by Small 
individuals than by Large individuals (in any of the three species). Obviously, 
on the other hand, the chasing behaviour had higher percentages in the 
larger individuals, during C2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By interpreting the Figure 23, there were more agonistic interactions 
between envolving S. melops, particularly between individuals of the same 
species and between this wrasse and S. roissali, while S. bailloni was the 
species with less interactions.  In addition, the number of agonistic 
interactions with spp of other genus was similar in the three Symphodus spp.. 
 
 
 
 
 
 
 
 
Figure 22 – Representation of the behaviours of the Agonistic Interaction category throughout the 
three species, in S and L classes, in both campaigns. Absolute frequencies are between 
parenthesis. 
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The chi-square goodness-of-fit test revealed that the agonistic 
interactions are not independent of the opponent species in S. melops ( 
14,42, p<0 ,002385) and in S. roissali (24,59, p<0,000019). In the case of 
S. bailloni they are independent  (1,11, p >0,05). 
 
 The analysis of the distance between the individuals and the substrate 
(registered for each behaviour) revealed differences between categories (H 
(7, N=697)=173,05, p=0,000). It can be visualized in Figure 24. The pairs of 
categories with significant differences were: Exploring and Foraging 
(p<0,000001), Exploring and Agonistic Interactions (p<0,000001), Foraging 
and Rest (p<0,000226), Cleaning and Nidification (p<0,002395), Cleaning 
and Courtship (p<0,006189), Rest and Nidification (p<0,000080) and Rest 
and Courtship (p<0, 008324). 
Figure 23 – Representation of the intraspecific and interspecific agonistic interactions in both 
campaigns 
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The PERMANOVA that was applied to analyse if the categories of 
behaviour where differently performed between the Symphodus spp. and 
between the algal functional groups, revealed significant differences between 
the latter factor (p<0,001), but not between Symphodus species (p>0,05) nor 
between the interaction of both factors (p>0,05).  
This result means that the behaviour categories performed are dependent 
of specific  functional groups. 
The pair-wise test exposed which functional groups were significantly 
different and, from these, the ones that were easily visualised in the MDS, 
(stress=0,07) (Figure 25) were: WA and CM (p<0,001), WA and FILA 
(p<0,001), WA and CA (p<0,001), CM and CA (p<0,003), CM and FILA 
(p<0,001), and FILA and CA (p<0,002). However, the pair WA and CA hasn‟t 
shown differences for S. melops, and the last two pairs were only different for 
S. roissali. 
Simper analysis pointed the categories that most contributed to explain 
the dissimilarity between the pairs referred above. In the case of the pairs 
CM and WA, CM and CA and WA and CA the categories that most 
contributed to the dissimilarities (with more than 60% of cumulative 
percentage) were Exploring and Foraging, by decreasing order of 
contribution.  
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Figure 24 – Distance (m) observed between the individuals and the substrate in each category 
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However, the FILA and WA pair was pratically explained by the Exporing 
category (48,88% of contribution). On the other hand, the Foraging category 
contributed more than the Exploring category to explain these two pairs: CM 
and FILA (49,30% of foraging contribution), and FILA and CA (67,74%), while 
the Exploring category contributed more to the others.  
 
 
 
 
 
 
 
 
 
 
 
 
 
On the other hand, the PERMANOVA that analysed all the algae species 
have shown significant differences between them (p<0,001), that can be 
visualized in the MDS (stress=0,07) in Figure 26, but also between 
Symphodus spp. (p<0,04), while the interaction of factors was also not 
significant (p>0,05). 
 
 
 
 
 
 
 
 
 
 
Figure 25 – Multidimensional scaling plot of functional groups of algae 
(grp_fun_red). Each point represent the absolute frequency of behaviours, of one 
of the three Symphodus species, in a particular behavioural category and near an 
algae of a certain functional group, at a specific site of sampling. The distance 
between points reflects the similarity in functional groups of algae 
Figure 26 - Multidimensional scaling plot of all the algae registered. Each point 
represent the absolute frequency of behaviours, of one of the three Symphodus 
species, in a particular behavioural category and near a certain algae, at a specific 
site of sampling. The distance between points reflects the similarity among algae 
73 
 
 The only pair of Symphodus spp. that was significantly different, was S. 
bailloni and S. roissali (p<0,003). Although, this is not so obvious to observe 
inthe MDS (stress=0,07) in Figure 27. This pair of Symphodus species have 
shown significant differences due to w/alg (which was also verified in the 
PERMANOVA that have analysed functional groups of algae, due to WA), 
and the categories that contributed with greater percentages to their 
dissimilarity were Exploring (45,62%) and Foraging (24, 82%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If both MDS from the Figures 25 and 26, are carefully observed, it is 
possible to detect that the points are identically dispersed, although there 
was a vertical flip in the plot that exhibits all the algae species. From the MDS  
with all the algae species (stress: 0,07),  several groups were also easy to 
identify: w/ alg, Cyst sp, Aarm, Frof and Halo sp. Moreover, in the respective 
PERMANOVA, significant differences were revealed between them: w/ alg 
and Cyst sp (p<0,001), w/ alg and Aarm (p<0,001), w/ alg and Frof (p<0,001), 
Aarm and Cyst sp (p<0,001), Cyst sp. and Frof  (p<0,001), and Aarm and 
Frof (p<0,016), suggesting that they are differently used to perform different 
behaviour categories. However, many other pairs belonging to the same 
functional group have shown significant differences in PERMANOVA, 
although it is not so evident in the MDS. 
Figure 27 - Multidimensional scaling plot of Symphodus spp. Each point represent the 
absolute frequency of behaviours, of one of the three Symphodus species, in a 
particular behavioural category near a structure of the biotic habitat.The distance 
between points reflects the similarity among species 
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Other pairs which have shown significant differences between them, 
were, in general, formed by one alga that belong to the CM functional group 
and one alga from the FILA functional group. This result is coincident with the 
results obtained when these algae were grouped in functional groups. 
However, it was not consistent for all the pairs in this circumstances.  
The group w/ alg was significant different from any other alga. 
The detailed analysis of the biotic habitat – all the algae species and 
macroinvertebrates - used by the individuals during the execution of 
behaviours included merely on the Exploring, Foraging and Rest categories, 
can be observed, respectively, in Figure 28 and 29. This use of the biotic 
habitat seemed to be different  between campaigns, species and categories. 
In what concerns macroalgae, it should be pointed that the “others” are a 
group of several algae species with percentages <10%. Firstly, a feature that 
was easily detected, and confirmed by both previous MDS, was the greater 
percentage of behaviours performed without any macroalgae nearby, when 
comparing to other behaviours with macroalgae in the vicinity.  
Another relevant information is the presence of Cystoseira sp. only during 
C1, in the three categories, and the register of A. armata and F. rufolanosa 
almost only during C2. A. armata was not used by S. melops when the 
individuals performed behaviours of the Rest category and F. rufolanosa  
was only present in the Exploring and Foraging categories (in the three 
species). 
It should also be mentioned that Halopteris sp. was present only in the 
Exploring and Foraging categories, in the three Symphodus spp. and during 
both campaigns.  
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Figure 28 – Algal species which were observed near the individuals during the behaviours included in 
the Exploring, Foraging and Rest categories. 
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Figure 29 –  Presence and absence of macroinvertebrates near the individuals during 
the behaviours included in the Exploring, Foraging and Rest categories, in both 
campaigns 
In the analysis of macroinvertebrates, it was verified that, in general, 
behaviours are not performed in their presence. Nevertheless, Anemonia 
viridis (Forskål, 1775) , comparing with the others macroinvertebrates 
registered, was observed more often and, particularly, while behaviours of 
the Exploring category were performed. 
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Figure 30 - Multidimensional scaling plot of Symphodus  spp. Each point represent 
the absolute frequency of behaviours, of one of the three Symphodus species, in a 
particular behavioural category near a phtsical habitat.The distance between points 
reflects the similarity among species 
To detect the possible associations of Symphodus spp. with physical 
habitat, both micro and macro-habitat perspectives were analyzed. 
In the analysis by macro-habitats, the PERMANOVA revealed 
differences between them (p<0,001) and between Symphodus spp. 
(p<0,001), but not between the interaction of macro-habitats and species 
(p>0,05). 
The pair-wise tests between Symphodus spp. pointed that they all are 
significantly different: S. bailloni and S. melops (p<0,022), S. bailloni and S. 
roissali (p<0,001), and S. melops and S. roissali (p<0,009). However, in the 
MDS of Figure 30 (stress=0,09), detecting the differences revealed by 
PERMANOVA is not so obvious. Simper test revealed that the Foraging 
category was the one that most contributed to these dissimilarities, with 
43,54% between the S. bailloni and S. melops pair and between S. bailloni 
and S. roissali pair, and with 39, 50% between the S. melops and S. roissali 
pair.   
 
 
 
 
 
 
 
 
 
 
 
 
By the MDS of Figure 31 (stress: 0,09), the bedrock group could be 
easily detected (it was significantly different from all the others macro-
habitats, according to the PERMANOVA results). 
78 
 
Figure 27 - Multidimensional scaling plot of the Macrohabitat. Each point represent 
the absolute frequency of behaviours, of one of the three Symphodus species, in a 
particular behavioural category and near a certain macrohabitat, at a specific site of 
sampling. The distance between points reflects the similarity among macrohabitats 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The remaining macro-habitats were not different from each other, with 
the exception of: large rock and small rock (p<0,029), large rock and 
interface sand/rock (p<0,016), small rock and gravel (p<0,023) and small 
rock and interface sand/rock (p<0,041). The category that most contributed 
to the differences in these exceptions was Foraging (in all the pairs, more 
than 38,74%).  
Additionally, it was verified by the pair-wise tests that S. melops and S. 
roissali were the most different species in what concerns the use of bd 
(p<0,018). 
 
By the PERMANOVA analysis of the association between Symphodus 
spp. and the micro-habitats, significant differences were detected between 
micro-habitats (p<0,001), between Symphodus spp. (p<0,049), and between 
the interaction of this two factors (p<0,016). That means that the differences 
in behaviours between species are dependent on the micro-habitat chosen 
The only pair of Symphodus spp. that was significantly different, was S. 
bailloni and S. roissali (p<0,011), although it isn‟t, again, very obvious to 
detect in the MDS of the Figure 32 (it is the same MDS generated for macro-
habitats). The Simper analysis shown that the differences between these 
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Figure 28 - Multidimensional scaling plot of the Microhabitat. Each point represents the absolute 
frequency of behaviours, of one of the three Symphodus species, in a particular behavioural 
category and near a certain microhabitat, at a specific site of sampling. The distance between 
points reflects the similarity among microhabitats 
species were, mainly, due to the Exploring category (35,08% of contribution) 
and due to the Foraging category (29,65% of contribution).  
As it was verified in the pair-wise tests of the analysis of the macro-
habitat, the pair of S. melops and S. roissali was the most different in what 
concerns the use of bd (p<0,019) and, additionally, the pair of S. bailloni and 
S. roissali  revealed significant differences relatively to their use of oh1 
(p<0,012). 
Obviously, as it was expected by the observation of the MDS of Figure 
32 (stress=0,1), the pair-wise tests revealed that a/bd is significantly different 
from all the other types of micro-habitats (like it was revealed by the analysis 
of macro-habitats).   
 
 
 
 
 
 
 
 
 
 
 
 
 
Another possible pattern revealed by the pair-wise tests, were the 
significant differences verified between the micro-habitats that presuppose a 
wide extension (as a/lr, a/mr, a/sr, vr, a/gr) and the others that are considered 
as small spaces (oh1, oh2, oh3, shol,sc1, sc2, lc2).  
The Simper analysis between micro-habitats has also shown a 
considerable contribution of the Rest category to explain the differences 
between the use of overhangs and almost any other micro-habitats.  This 
preferential use of overhangs to perform the Rest category can be also 
visualized in the Figure 33. 
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 Figure 33 – Microhabitats where the individuals were observed during the behaviours included in the 
Exploring, Foraging and Rest categories. 
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 In what concerns behavioural sequences, transitional probabilities 
matrices (Table 11 and 12) were elaborated to consecutively generate the 
state transition diagrams of both campaigns.  
 
Table 11 – Matrix of transitional probabilities of C1 (*the simple probability 
of each consequent category) 
 
 
Consequent category 
 
 
AGINT CLEAN EXPLO FORAG REST 
 
 
0,06* 0,02* 0,6* 0,24* 0,09* 
Antecedent 
category 
AGINT 0,075 0,025 0,750 0,100 0,050 
CLEAN 0,000 0,000 0,846 0,154 0,000 
EXPLO 0,078 0,024 0,547 0,227 0,124 
FORAG 0,013 0,000 0,595 0,361 0,032 
REST 0,023 0,000 0,886 0,045 0,045 
 
Table 12 – Matrix of transitional probabilities of C2 (*the simple probability 
of each consequent category) 
 
 
Consequent category 
 
 
AGINT CLEAN COURT EXPLO FORAG NIDIF REPRO REST 
 
 
0,04* 0,02* 0,01* 0,52* 0,33* 0,04* 0,01* 0,04* 
Antecedent 
category 
AGINT 0,06 0,00 0,00 0,77 0,09 0,02 0,02 0,04 
CLEAN 0,00 0,00 0,00 0,62 0,31 0,00 0,00 0,08 
COURT 0,18 0,00 0,09 0,27 0,00 0,09 0,36 0,00 
EXPLO 0,06 0,04 0,01 0,50 0,32 0,02 0,00 0,05 
FORAG 0,01 0,01 0,00 0,52 0,45 0,00 0,00 0,01 
NIDIF 0,02 0,00 0,00 0,32 0,00 0,66 0,00 0,00 
REPRO 0,00 0,00 0,20 0,60 0,00 0,00 0,20 0,00 
REST 0,10 0,00 0,00 0,73 0,17 0,00 0,00 0,00 
 
The emerging pattern in the diagram of C1 (Figure 34)., consisted in the 
fact that any category is more likely to be followed by the Exploring category 
than by another. However, when the individuals performed a behaviour 
included in the Foraging category, it was also probable that the succeeding 
behaviour would belong to the Foraging category. Additionally, both Clean 
and Agonistic Interactions could also be followed by a behaviour of the 
Foraging category.  
In the same way, in the diagram of C2 (Figure 35)., it is observed that 
almost all the categories were more likely to be followed by the Exploring 
category than by another. The exceptions were the Courtship and the 
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Nidification categories, having other possibilities of sequences, of similar 
probabilities (in the case of Courtship) or different (Nidification). The 
Nidification category is more likely to be followed by another behaviour of that 
category. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35 - A category transition diagram of C2. Only transitional probabilities 
greater than 0,1 are shown. CLEAN = CLEANING, EXPLO = EXPLORING, 
FORAG = FORAGING, REST = REST, COURT = COURTSHIP, NIDIF = 
NIDIFICATION, REPRO = REPRODUCTION, and AG INT = AGONISTIC 
INTERACTIONS 
 
COURT 
CLEAN 
AG INT 
REPRO 
REST 
FORAG 
EXPLO 
NIDIF 
Figure 34 - A category transition diagram of C1. Only transitional probabilities greater than 
0,1 are shown. The thicker arrows are probabilities greater than 0,5, the red arrows are 
probabilities greater than 0,75. CLEAN = CLEANING, EXPLO = EXPLORING, FORAG = 
FORAGING, REST = REST, and  AG INT = AGONISTIC INTERACTIONS 
CLEAN 
FORAG EXPLO 
AG INT REST 
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After the computation of z-scores (a measure that reveals how a 
particular transitional probability deviates from its expected value, taking into 
account the simple probability of the consequent category (Dagne & Howe, 
2002)) it was verified some interesting significant differences. From the z-
scores that suggest significant differences, in the case of C1 (Table 13), the 
cases that should be highlighted were the transitions from AGINT to FORAG, 
and from EXPLO to REST.  
About C2 (Table 14), the transitions that are worthy to be referred are: 
from COURT to REPRO, from FORAG to FORAG, from to NIDIF to: EXPLO 
and to NIDIF, and from REPRO to REPRO. 
 
Table 13 – Matrix with the computed z-scores of each two-sequence of 
categories occurred during C1. (* means a z-score revealing significant 
differences) 
 
  
Consequent category  
  
AGINT CLEAN EXPLO FORAG REST 
Antecedent 
category  
AGINT 0,43 0,40 1,99* -2,03* -0,93 
CLEAN -0,90 -0,47 1,84 -0,70 -1,15 
EXPLO 1,79 1,19 -2,11* -0,51 2,35* 
FORAG -2,47* -1,64 -0,01 3,67* -2,64* 
REST -1,02 -0,87 3,93* -2,98* -1,08 
 
 
Table 14 - Matrix with the computed z-scores of each two-sequence of 
categories occurred during C2. (* means a z-score revealing significant 
differences) 
 
  
Consequent category  
  
AGINT CLEAN COURT EXPLO FORAG NIDIF REPRO REST 
Antecedent 
category 
AGINT 0,82 -1,00 -0,62 3,43* -3,58* -0,68 1,43 0,20 
CLEAN -1,04 -0,75 -0,46 1,01 -0,25 -1,06 -0,38 1,08 
COURT 2,39* -0,48 3,07* -1,62 -2,33* 0,83 15,86* -0,65 
EXPLO 2,06* 2,61* 1,08 -0,80 -0,76 -2,31* -1,45 2,39* 
FORAG -3,28* -2,19* -1,78 0,17 5,18* -4,10* -1,49 -2,55* 
NIDIF -0,73 -1,03 -0,64 -2,77* -4,97* 22,06* -0,53 -1,39 
REPRO -0,46 -0,33 4,80* 0,38 -1,57 -0,46 5,81* -0,44 
REST 1,66 -0,80 -0,49 2,38* -1,91 -1,13 -0,41 -1,07 
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 In what concerns the secondary species in study (Symphodus 
cinereus, S. mediterraneus and S. rostratus), the number of individuals 
observed in both campaigns was N=13. Through the consultation of the 
Table 15, it could be perceived that a higher number of these species were 
found in FPA than in the other two types of protection areas. The abundance 
of these species, revealed by an ongoing project that is also being conducted 
in this study area, and in the same sampling sites, was discriminated in Table 
16. 
Table 15 – Information related to the other Symphodus species that were 
found in the Marine Park. 
 
 
 
 
 
 
 
 
 
 Table 16 – Abundances of the secondary Symphodus species, 
according to a on-going project in the our study area 
 
Nº Campaign Area Species Depth (m) Micro-habitat 
1 
C1 
BA S. rostratus 7,8 sc2 
2 
FPA 
S. mediterraneus 
3,45 oh1 
3 5,29 vr 
4 7,45 lc2 
5 
S. rostratus 
1,67 bd 
6 5,79 bd 
7 8,45 vr 
8 PPA S. rostratus 8,66 vr 
9 
C2 
FPA 
S. mediterraneus 4,35 sc1 
10 
S. rostratus 
4,81 bd 
11 5,55 pb 
12 
PPA 
S. cinereus 9,4 pb 
13 S. mediterraneus 3,59 oh2 
Year Season Area Species Number of individuals 
2009 
Autumn 
BA S. rostratus 4 
PPA S. rostratus 4 
FPA 
S. cinereus 1 
S. rostratus 1 
Spring 
BA S. mediterraneus 1 
BA S. rostratus 1 
PPA S. cinereus 1 
2010 Spring PPA S. cinereus 1 
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 Discussion 
 
Studies about behaviour have to consider diverse factors that are capable 
of influencing them and that can derive from several sources.  
In what concerns turbidity, it has to be considered with special attention, 
since the behaviour of fishes could be strongly influenced by it, due to a 
decreasing of the visual awareness of potential dangers which increases the 
dependence on the use of the lateral line (Harmelin-Vivien et al., 1985). In 
this situation the fish may be more alert to potential dangers, so, it might feel 
the observer‟s presence much earlier than the observer can verify the fish‟s 
presence. Nevertheless, even without a significant level of turbidity, the 
human presence can strongly disturb the sampling in the underwater 
environment (Harmelin-Vivien et al., 1985). Fishes may not attempt to 
escape from the observer, but its behaviour can be altered in subtle ways 
(Martin & Bateson, 2007). Additionally, these effects can vary inter-species, 
between ages, regions and sizes (Harmelin-Vivien et al., 1985).  
Thus, in this study, it was sought to avoid sampling during days of high 
turbidity levels and the interpretation of the results had to be cautious due to 
the influence of the observer‟s presence during sampling and due to the 
possibility of anthropomorphization (Martin & Bateson, 2007). It should be 
also pointed out, that the present study cannot provide any measure of the 
abundance of individuals throughout the three types of protection areas. 
Instead, it can merely reveal the patterns of habitat association of these 
species. Additionally, the observer has noticed that, in the field, during 
Autumn, the identification of the individuals‟ gender, of S. bailloni in particular, 
was difficult, since the appearance of both genders is similar. In the same 
way, during Spring, there is a considerable probability of the diver misidentify 
sneakers as females, due to their similar appearance (Dipper & Pullin, 1979; 
Helas  et al., 1982a). Consequently, it wasn‟t performed any analysis to 
compare the individuals by gender. 
Our sampling revealed that the small size class of each species (which 
probably includes a larger number of younger individuals) was always better 
represented in both seasons and in all the types of protection areas.  
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This should be taken into account throughout the interpretation of the 
results, since behaviour patterns are slightly different in younger individuals 
(when comparing to adults). For instance, during Spring, only the younger 
individuals with more than 2yr, in the case of S. melops (Quignard, 1966; 
Hilldén, 1984), or more than 1yr, in the case of S. roissali (Quignard & Pras, 
1986), are capable of performing courtship, reproduction, and nidification 
behaviours (about S. bailloni, there is no information). Consequently, the 
younger individuals are not so territorial and can even spend more time 
hidden.  
This was confirmed by the analysis in the Rest category (on which the 
“Hiding” behaviour is included), since it revealed that the smaller individuals 
were observed hiding more frequently (either for being chased, or for other 
reason). Furthermore, during Autumn, the hideout which was used mostly, a 
pattern common to the three Symphodus spp., was Cystoseira sp.. This 
could be due to this alga abundance during Autumn (Franco, 2007), and for 
having a very branched morphology (Tavares, 2009) permitting to fish, of all 
sizes, to stay inside this structure, using it as a refuge. Curiously, Franco 
(2007) had reported that juveniles of Symphodus spp. were  associated with 
C. usneoides (after their settlement), which could mean that, when the small 
and large adults are hidden both in this alga, there is a close coexistence of 
conspecifics of different ages. In a similar way, juveniles are also hiding from 
predators, being their colour pattern very important to dissimulate their 
bodies when are among the algae (Voss, 1976). 
Another interesting result was the use of Plocamium sp. as an hideout, by 
S. roissali, which body‟s colour appearance gets very homochromic near this 
alga, which has a similar colouration. Thus, for the same reason, it was 
expected to observe this wrasse hiding in Shaerococcus sp. (Annex E, 
Figure 1.E), but it wasn‟t verified. However, during Spring, when the most 
abundant alga species is A. armata (Franco, 2007), the hideouts used by 
these wrasses were not it (probably due to its smaller structural area), but 
were physical micro-habitat features of the substratum, as overhangs and 
holes, which were also used during Autumn. This is according to Gibson 
(1969) who referred that rocky substrate provides shelter to benthic fish. 
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Relatively to the distribution of the species in study, by depth, it was 
concluded that there is a tendency for S. melops to inhabit shallower depths 
of the rocky reef, when compared to the other two Symphodus spp.. It is 
known that the three Symphodus spp. inhabit depths from 1m to 30m (or to 
50m in the case of S. bailloni) (Quignard & Pras, 1986). However, S. melops 
can also be found in the intertidal rock pools (Potts, 1974), which could 
explain this wrasse‟s presence in more reduced depths.  
This depth pattern could reduce the interspecific competition between S. 
melops and the other two wrasses, but, on the other hand, causes a 
coexistence of S. bailloni and S. roissali, at greater depths. Besides this 
interspecific coexistence, it was also verified in our results, that there is, as 
well, an intraspecific coexistence of individuals of different sizes in the same 
range of depths. This could be explained by an overlap in resource utilization 
(Sale, 1974a), since the diet of the Symphodus species is not specialized 
and their prey are numerous and varied (Lejeune, 1985). Additionally, it  was 
reported that S. roissali larvae also inhabit in the depth strata from 0m to 8m 
(Beldade et al., 2006b) confirming the coexistence of the adult and juvenile 
populations (Lejeune, 1985). 
Contrarily to what was stated by others (e.g. Potts, 1974; Voss, 1976; 
Hilldén, 1984) that defend a migration of the individuals of S. melops to 
deeper waters when the reproduction period is over, this was not verified in 
the present study, neither in S. melops nor in the others species. Hilldén 
(op.cit) justified this theory with the disappearance of algae when the 
temperature drops below 9ºC. However, this is an event that does not occur 
in the present area, being the reef covered by other species of algae, which 
substitute the previous ones. Therefore, Symphodus spp. does not have to 
look for other habitats during the winter, as it was verified in our results (the 
depth range was not different between campaigns). These are coincident 
with Darwall et al.(1992b), who affirms that wrasses remain amongst the 
rocks until the following Spring. Moreover, Sayer et al. (1996b) referred that 
individuals of S. melops remain active and feeding during winter. 
In fact, Helas et al. (1982) reported that S. roissali does not leave the 
rocky habitat after the reproduction period. Instead, this species swim during 
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longer periods. Our results agree, partially, with the study of Helas, since this 
species has not shown a greater depth range during the winter but, on the 
other hand, this species was the one which less explored the reef in depth, 
during the observation periods. It does not mean exactly that this species 
swam during short periods, but there is no way to prove otherwise. The only 
conclusion that could be assumed, is that S. roissali has a smaller home 
range. However, future studies are necessary to confirm this theory, since in 
longer periods (more than one minute) this species could travel greater 
distances in depth. 
When both sampling seasons were compared, considering the intensity of 
behaviours (acts per hour), it was noticed that the Exploring category was 
more frequent in the second campaign, in each species. However, this result 
has to be interpreted with caution. Although it was more frequent during 
Spring, it does not mean that the individuals had spent more time exploring. 
The present study doesn‟t have duration data. So, by analyzing our results 
about diversity and quantity of behaviours in each observed individual, it was 
detected that, in the second campaign, the individuals performed a higher 
number of behaviours, and those were more diverse. By that, it could be 
affirmed that, besides being less frequent, the behaviours included in the 
Exploring category during Autumn (C1) could last longer. In fact, during C1, 
several individuals were observed swimming during all the observation period.  
Thereby, our results would be supported by Helas et al. (1982) in what 
concerns S. roissali, but this pattern could be extrapolated to the other two 
species.  
About the analysis performed relating the feeding habits of the studied 
species, several aspects can be discussed. First of all, as it was verified in 
the study of Henriques & Almada (1997) in the study area, S. melops was not 
observed performing the cleaning behaviour on any host species. Although 
this species has been used in salmon cages to control sea lice, Deady & 
Fives (1995) reported that they are less effective when the nets are fouled. 
So, as suggested by Henriques & Almada (1997), when the wrasse finds 
sufficient food (on that case, in the cage‟s net), they do not clean fishes. 
Consecutively, the most probable explanation for the fact that S. melops is 
89 
 
not observed cleaning another fish in the study site, is that their prey are 
abundant. 
These species regular way of feeding consists on grazing fouling 
organisms, epifauna, both from algal fronds and the sea bed (Sayer et al., 
1996b; personal observations). However, contrarily to the diet of S. melops 
and S. roissali, which is well documented, the diet of S. bailloni needs more 
attention from researchers. 
To explain our results, it is important to highlight that the diet of 
Symphodus spp. is not-specialized and carnivorous (Lejeune, 1985). Yet, it is 
possible to find several algal fragments in the stomach-contents of S. melops, 
as well as sand grains (Deady & Fives, 1995; Sayer et al., 1996b). It is 
difficult to be certain if those fragments are ingested coincidentally with the 
intended preyed item, or intentionally. However, this problem could be 
partially solved by the behaviours “Throwing out” and “Eating again what was 
Thrown out” (defined in the Ethogram), in which the individual expels the 
particles after a bite, producing clouds on which sand grains, fragments of 
algae and other not-identified particles could be observed, and then re-
ingests, or not, some of the particles in suspension. This double selection of 
food suggests that all the preyed items found in the stomach-contents of 
Symphodus spp. could be intentionally ingested. 
In this study it was not possible to identify the specific preyed item that 
was taken every time an individual nibbled. Therefore, our conclusions derive 
from the bitten algae, where supposedly the preyed item was. First, it was 
obvious to conclude that these wrasses search for their food among the 
algae, as reported by Potts (1974), Helas et al. (1982), and Lejeune (1985), 
and that there is a tendency, that can change seasonally, to bite specific 
algae species. According to the study of Franco (2007) the most abundant 
alga during Autumn is C. usneoides and during Spring is A. armata. This was 
also verified during sampling, thus it would be expected to observe these 
algae being bitten frequently, since these wrasses have a non-specialized 
diet. However, Cystoseira sp. was rarely foraged.  
In general, during Autumn, the items bitten were different between 
Symphodus spp., while during C2, there was a common predominance of A. 
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armata and F. rufolanosa in the three species. However, the three wrasses 
seemed to search for their preys in Halopteris sp. (in small turfs, personal 
observations) and in Plocamium sp., similarly in both campaigns. This could 
be related to their soft texture (easy to bite), or for having more epifauna.  
Moreover, the consistency of the Halopteris sp., as a bitten alga, during 
both seasons and particularly in C1, is interesting, since this alga is 
considerably smaller than the abundant Cystoseira sp.. This may suggest an 
association of a particular prey of Symphodus spp. with this alga. Another 
interesting aspect, is the weak representativeness of the abundant 
Cystoseira sp. among the bitten algae, by the three species, during Autumn, 
when comparing with the predominance of A. armata during Spring, when 
this alga is very abundant. This could suggest that these wrasses actively 
choose certain algae when searching for prey (even possessing a not-
specialized diet), either being the most abundant alga or not. Finally, the 
second most bitten alga in C2, was F. rufolanosa, which is the tetrasporofit 
phase of A. armata (Dixon & Irvine, 1977). F. rufolanosa, being a small tuft, is 
a similar case to Halopteris sp. 
Considering S. roissali in particular, it was expected that this wrasse 
would bite Cystoseira sp. frequently, since Helas et al. (1982) stated that this 
species and its prey inhabit among that alga. However, the present study‟s 
results were not in accordance with that. Although S. roissali has been 
frequently observed among Cystoseira sp. performing other Categories of 
behaviours, it was considerably less observed performing the behaviours of 
the Foraging category. In addition, during Autumn, this wrasse has bitten 
mostly Mesophyllum sp. but, since it is a crustose alga, probably the fish 
wasn‟t biting this alga, being instead capturing an organism which was on it. 
Relatively to S. melops, this species‟ feeding habits are partially according 
with what was reported in the study of Deady & Fives (1995), which refers 
that fragments of C. officinalis Linnaeus (and others) were found in the 
stomach-contents of this wrasse. Since this alga genus was observed being 
bitten by S. melops in this study, it could suggest that this alga genus is 
foraged if it is available where S. melops inhabits. A curious result was the 
fact that this wrasse has bitten A. armata and F. rufolanosa during Autumn.  
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This was not expected, since those algae are less abundant during that 
season, but can underline the idea that this wrasses have preferential algae 
to forage.  
Given that there is no data about the diet of S. bailloni (Whitehead et al., 
1989), and since our results do not inform properly about the prey of this 
wrasse, this study only contributes with the algae most foraged by this 
species - Halopteris sp. during Autumn and A. armata, F. rufolanosa  and 
Halopteris sp. during Spring. 
 Comparing both campaigns, it could be perceived a slight tendency for 
the average number of bites to increase from Autumn to Spring. This could 
be explained by the fact that, during the reproduction period (Spring), and 
mostly in the beggining (March), females spend more time foraging (at least 
S. roissali females), since their reproductive success depends on their size 
and fecundity, which is positively correlated with food intake (Bagenal, 1969). 
Females only stop foraging, when ready to spawn, to travel longer distances 
searching for nests (Lejeune, 1985). On the other hand, males tend to forage 
less, since their reproductive success depends on the maintenance of their 
territory (Deady & Fives, 1995) and of the nest (Lejeune, 1985). So, if males 
leave the nest to feed, they do it quickly (Lejeune, 1985). However, this 
author adds that, between each nest cycle, the male spends some time 
feeding. Therefore, in spite of these periods of time being small, they can 
contribute also to increase the number of bites in this season. 
Concerning the nests registered during Spring, although they weren‟t 
many, some considerations can be done. It is interesting to point out that in 
spite of S. bailloni being frequently found in the deeper strata of the reef, two 
individuals of this species built their nests at shallower depths. The opposite 
was verified with S. melops, since it was the species more frequently found in 
shallower depths. Yet, two individuals built their nests in the defined deeper 
stratum. While the individuals of S. bailloni built their nests in bedrock and in 
large rock (in sites where the nests were easily observed), individuals of S. 
melops constructed their nests in overhangs, being almost hidden and 
undetectable. If the observer wouldn‟t see the male transporting an alga to its 
nest, this would remain undetected. Since the stimulation distance from a 
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female is important to trigger the male‟s parade (Voss, 1976), this different 
selection of habitat to build the nest suggests that different strategies were 
adopted by the males of different species. The more exposed a nest is, the 
greater is the probability for the female to find it (Potts, 1974). However, it 
also increases the exposure to sneakers and eggs‟ predators. Therefore, 
while S. bailloni take that risk, by having its nests more exposed, increasing 
also the probability of its nest being encountered by a potential female 
spawner, or not, S. melops decreases its probability, but, probably, 
compensate it by investing more time selecting a potential spawner female to 
court and lead to its nest. 
  On the other hand, nests of S. roissali were found close to, and on, 
the deeper strata, which is coincident with the frequent occurrence of this 
species in the deeper strata. Additionally, since the nests of this wrasse were 
found either in overhangs and crevices (which, as micro-habitats, are more 
difficult to observe), or in bedrock and in large and medium rocks (macro-
habitats, where is easier to find nests), it could be interpreted that this 
species doesn‟t need a particular type of habitat to build their nests.  
The transportation of Shaerococcus sp. and Plocamium sp. to the nest, 
by males of S .melops is according to the studied composition of the nests of 
this species by Potts (1985) and Tavares (2009). Similarly, the transportation 
of  A. armata, Cystoseira sp. and Halopteris sp. by males of S. roissali  to 
their nests, is according with the study of Tavares (2009). About S. bailloni, 
the only alga which was observed being transported was A. armata. This 
could reveal that S. bailloni use the most abundant alga in its territory to build 
the nest. However, future analysis of the composition of this species‟ nest 
should be conducted. 
Relatively to the hovering behaviour (of the Cleaning category) we have 
to add to the results of Henriques & Almada (1997), that S. bailloni also 
performs this position. It was verified in S. bailloni and in S. roissali, that this 
position doesn‟t have to be performed in the presence of a cleaner species. 
Both wrasses were also observed hovering in the presence of Coris julis 
(Linnaeus, 1758) and Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817). This 
could be explained by the possibility of fixed cleaning stations, as it exists in 
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coral reefs (Cheney & Côté, 2001), where Symphodus spp., and other 
species as C. julis and D. vulgaris, could expect the presence of the cleaner 
fish C. exoletus in the vicinity. Therefore, even if the cleaner species is not 
present, the fish  may perform this position as an invitation to a cleaner that 
might be nearby. Being this explanation correct, the hovering of S. roissali 
and S. bailloni was not targeted for other species, as it first seemed. 
An interesting aspect, is that any of the individuals that were observed 
being inspected by C. exoletus had a visible ectoparasit. Though, several of 
the individuals sampled during Autumn, had one or two Anylocra physodes 
(Linnaeus, 1758) parasites in their bodies (Annex E, Figure 2.E). The reason 
why any individual of S. melops was registered with parasites is a 
coincidence, since, during the sampling, individuals in this condition were 
sighted, but not sampled. 
 A pattern relatively to the body part where the parasite was attached was 
verified. With the exception of one parasite that was in the flank of the fish, 
and other which registration of the body part was not performed by the 
observer, these parasites were always in the head of the host fish, next to the 
eyes. Our results detected that individuals with ectoparasites were mostly 
found in the Fully-protected area, suggesting a major abundance of this 
parasites in this area. This was expected, according to the unpublished 
results of the ongoing project, in this study aea, that have noticed a major 
abundance of species. However, the sample is very small to affirm a pattern. 
  In what concerns the Agonistic interactions category, it was not 
verified a great difference on the occurrence of this behaviours, between both 
seasons. It was expected that, during Spring (in the reproduction period of 
these wrasses) this behaviours would occur more frequently, since nesting 
males have to defend their territory from other nesting males, from sneaker 
males, from younger individuals and from other species (Lejeune, 1985). 
However, all these invaders have different objectives when approaching a 
nest. When a nesting male is searching for a place to build a nest, it can 
become a threat to a male which already has a nest in that site, by dividing 
the females‟ attention by both. On the other hand, sneaker males have the 
purpose of performing parasit fertilizations on the nest‟s owner (Lejeune, 
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1985). As for younger males, as well as for other species, they could simply 
try to capture the eggs which were deposited by females (Lejeune, 1985). 
Probably, if this study was merely focused on the behaviour of males during 
its reproduction period, more agonistic interactions would be verified, 
particularly during Spring, as expected. Since our data also includes younger 
males, and included the begining of the reproduction season, our results 
didn‟t point that way. 
Nevertheless, the escaping behaviour was most frequently observed in 
smaller individuals and, consequently, the chasing behaviour was most 
frequently observed in larger individuals. Lejeune (1985) reported that 
individuals of S. roissali are more indifferent between them during the period 
of sexual inactivity. This is according to our results, but only for S. roissali. 
For S. melops and S. bailloni the results point otherwise. 
In addition, although Voss (1976) had reported that during the 
reproductive period, the aggressive interactions of S. melops are 
characterized for being interspecific, our results had shown that this species 
has also a great proportion of intraspecific interactions, in particular with S. 
roissali. The reason could be the fact that both species seem to coexist 
seasonally, during the reproduction period, when S. melops explore the 
deeper strata. Nevertheless, S. roissali was the species which presented 
more intraspecific interactions. This could be related to the fact that this 
species is less selective in choosing a site to build a nest, leading to a major 
probability of encounters between the nesting males that have their nests 
closer, by an overlapping of territory defence. 
It is known that Symphodus spp. lives near the bottom and rarely venture 
into the water column (Lejeune, 1985). However, there is not specific 
information about the distance that the individuals keep from the substrate 
while performing different behaviours. In other words, there is no information 
about the dependence of the proximity to the substrate, in each category of 
behaviour. Our study can contribute with some results in this subject.  
First, we can affirm that with the exception of the Cleaning and the 
Agonistic Interactions categories, these three species are very close to the 
substrate (ca 15cm in average). Although the reason for the Foraging, Rest, 
95 
 
Nidification, Courtship and Reproduction categories are obvious, for the 
remaining it isn‟t.  
When the individuals are foraging, they need to be close to the substrate 
where they find their prey on the algae coverage. In the Rest category the 
individuals are truly in contact with the substrate. In the case of Nidification, 
males are close to the nest, which is built on the substrate or, they could be 
searching near the substrate for an algal fragment to take to the nest. In what 
concerns Courtship, the proximity of the individuals to their nests is inherent, 
since the male‟s parade can occur above the nest or in dislocations between 
the nest and a female (Voss, 1976; Helas et al., 1982). Finally, in the 
Reproduction category, both males and females are in contact with the nests, 
being very close to the bottom. However, in the other categories, and even in 
the Foraging and Nidification categories, the distance from the individual to 
the bottom can, sometimes, be greater.  
In the Foraging category, the fish could be more distant to the bottom due 
to the “Throwing out” behaviour that is usually performed after the individual 
slightly swam upwards (personal observations). Since the individual seems to 
perform this behaviour to make a second selection of the items bitten, it could 
prefer to do that slightly distant from the bottom, where their conspecifics are 
rarely to find, decreasing the probability of having an encounter with other 
fish and eventually lose those items.  
Nidification is part of the group of categories where, sometimes, fishes 
can be more distant of the bottom, due to the behaviour “Transporting alga” 
that may require a huge dislocation of the fish to find the appropriated alga to 
build the nest (Potts, 1985; Tavares, 2009). Thus, when the male returns to 
the nest, it can opt to swim above the boulders instead of approaching the 
bottom and circumventing these structures. Although it becomes more 
exposed to predators, the fish keeps its energy, allowing it to continue the 
construction or the maintenance of the nest (Lejeune, 1985). While 
performing behaviours from the Exploring category, the individuals ventures 
more than in any other category, through the water column. Sometimes, the 
individuals were seen at almost 1m of the bottom, yet they were next to a 
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vertical rock. The presence of fish in this habitat feature is probably related to 
the availability of shaded areas and holes (La Mesa & Vacchi,  2005). 
Finally, there is still the Cleaning and the Agonistic interaction categories.  
Relatively to the Cleaning category, it was verified that the hovering 
behaviour was rarely performed near the bottom. It could be due to two 
reasons. First, it could be to the fact that if the cleaning is performed closer to 
the surface, it is lighter to the cleaner to inspect the host. Secondly, it could 
be directly related to the “head-up” position, which makes the fish ascend 
slowly. In what concerns the Agonistic Interactions, the greater distance from 
the bottom is related to the “Carousel” behaviour that implies ascendant 
swimming. However, in some occasions, during the “Chasing” and 
“Escaping” behaviours, the fishes had a tendency to swim upwards. 
The association of the species to the habitats have been investigated for 
a long time by ecologists (Auster et al., 1995; Levin & Hay, 1996; Hovel et al., 
2002; Diaz et al., 2003 cited by Scharf et al., 2006). These relationships are 
important (Bell et al, 1990 cited by Syms, 1995), since they make us 
comprehend the human impact on the underwater systems, but it also 
contributes to knowing more about the species (with or without commercial 
interest) and to assist on the application of efficient conservation measures. 
It is already known that, in general, wrasses are associated with rocky 
bottoms, and with macroalgae coverage (Bauchot & Quignard, 1973; Voss, 
1976; Helas et al., 1982; Lejeune, 1985; Costello, 1991; Darwall et al. 1992b; 
Sayer & Treasurer, 1996) but, about these associations in particular, there is 
not much literature. 
Thus, our study attempted to investigate if there exists associations 
between the different categories of behaviour and particular habitats. By 
habitats, we have considered both physical and biotic, in two levels of 
complexity. It was analysed if these associations exist within the macro or the 
micro physical habitat level and if they depend on the algae species or on the 
functional groups of algae. 
Gibson (1969) explains that rocky shores constitute a habitat for diverse 
and abundant benthic fish populations, mostly due to the shelter availability. 
These shelters consist of micro-habitat features, which are generated by the 
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algal cover and by the substratum complexity and heterogeneity, seeming to 
influence fish‟s habitat choice, as in the case of many small cryptobenthic 
fishes (Macpherson, 1994; Syms, 1995; Friedlander & Parrish (1998); 
Macpherson & Zika, 1999 cited by La Mesa & Vacchi,  2005). 
Besides this micro “level”, there could also exist macro-habitat features 
causing different distribution of rocky reef fishes in a different spatial scale, 
as it was suposed for the distribution patterns of blennioid species (La Mesa 
& Vacchi, 2005).. This increase of complexity can restrict predators and 
provide a compartmentalisation of the space, reducing competitive 
interactions (Miller 1996 cited by Depczynski & Bellwood, 2004) 
What should be retained is that even small differences in habitat can 
induce a differential distribution of species. Moreover, there are both 
specialist and generalist species that use the same types of habitat, 
suggesting an overlap in the habitat usage (Beldade, n.d.).  
Since the rocky subtidal in the study area presents a considerable 
complexity (Gonçalves et al., 2002), it provides different macro and micro- 
habitats that may contribute to structure the fish assemblages that inhabit 
there, as wrasses. 
Our analysis permitted to detect that the associations between this 
wrasses and the substrate are essentially related with the Exploring, 
Foraging and Rest categories. 
Both analysis of the biotic habitat explained that when the individuals are 
exploring the reef (behaviours of the Exploring category), its frequent to 
observe that they are not near an algae. This is in accordance with the 
greater distances between individuals and the bottom, observed in this 
category in previous analysis but, on the other hand it is not in agreement 
with Thangstad (1999), Potts (1974) and Ruiton et al. (2000). These authors 
reported that Symphodus spp. are strongly associated to the availability of 
macroalgae justifying their almost obligatory proximity to the algae by 
referring the need of finding algal material to build the nest, of foraging and of 
finding shelter. However, they are only taking into account the nidification 
period, in which the males search for fragments among the algae, and the 
resting and foraging events. 
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In our results, it was also verified that, if they are exploring near the algal 
coverage, the algae species more probable to observe close to them, belong 
to Corticated algae, as Cystoseira sp. and A. armata. However, the 
frequency of behaviours associated were significantly different between 
these algae. This was not expected to discover, since they are both algae 
from the same functional group, but it could be related to the other uses that 
these algae have to wrasses: hiding quickly (Cystoseira sp.), the juveniles in 
particular (Potts, 1974), or to perform the “Laying down” behaviour (A. armata) 
as described in the Ethogram. Another aspect confirmed between Cystoseira 
sp. and A. armata, is that the latter was more used in foraging behaviours 
than the former, as it was also revealed by the previously discussed analysis, 
relative to the “Biting” behaviour. Additionally, filamentous algae seemed to 
be the functional group that was most related with the Foraging category, 
being the F. rufolanosa the most associated alga with this category. 
The Symphodus spp. which have shown a weaker association between 
the presence of macroalgae with the Exploring category were S. bailloni and 
S. roissali, particularly the former. 
The presence of macroinvertebrates does not seem to be associated with 
any behaviour category in particular. However, when the individuals were 
exploring the reef,  they were observed passing, occasionally, close to 
Anemonia viridis. Beyond this invertebrate, the others were rarely registered 
in the habitat of Symphodus spp.. 
Besides these patterns, no more associations were detected. This could 
mean that Symphodus spp. are particularly associated with the biotic habitat, 
existing a spatial overlap of the biotic habitat where different categories of 
behaviours  are performed (Costello, 1992 cited by Beldade, n.d.) 
Concerning the analysis of the physical habitat, there was also an easily 
detected pattern. Bedrock, either considered a macro-habitat or a micro-
habitat (above bedrock = a/bd), was the habitat on which Symphodus spp. 
most performed the Exploring category. However, even in the other 
categories, bedrock was frequently the preferred habitat. This suggests an 
association of these wrasses with that macro-habitat, where they performed 
almost all the categories of behaviour. An exception was noticed with the 
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Rest category, because the existence of an association between the latter 
and the overhangs (oh1, oh2, and oh3) was verified. These small spaces in 
the substrate, could be considered as shelter sites that may act as refuges 
from predation (Hixon, 1991 cited by Friedlander & Parrish, 1998) since, as a 
cave, it is dark, secluded and a three-dimensional environment, providing a 
diversity of shelter sites (Depczynski & Bellwood, 2004). 
 While oh2 was similarly used by the three species, oh1 was much more 
used by S. roissali and rarely used by S. bailloni (this is in accordance with 
the fact that the pair S. bailloni-S. melops were less dissimilar within the Rest 
category, comparatively to the pair S. bailloni-S. roissali). This could suggest 
a relation between the available space within this micro-habitat and the 
species‟ maximum TL, since S. roissali, the species with the smaller 
maximum TL, was the one that used more often the smaller overhangs (oh1).  
In what concerns the sequence of behaviours, only lag1 transitions were 
taken into consideration. Since the Exploring category was the one with 
greater intensity in both campaigns, it was expected that the second state of 
the analysed sequences would be, frequently, the Exploring category (in both 
campaigns). This could be explained by the fact that this category function as 
a “transition” between the other categories (personal observations), causing 
that great intensity.  
During Autumn, after an agonistic interaction, there might be the 
possibility of two sequences, according to the individual that is under this 
situation. For example, in the case of the individual being a chaser, it could 
continue to explore the habitat (possibly to defend it) or it could start foraging. 
If it is an escaping individual it might move away from the chaser‟s territory, 
or insist with its presence starting to forage. After the Cleaning category, the 
individual can start to explore the reef, possibly looking for other cleaning 
station, or, occasionally, it starts to forage. There isn‟t information about the 
energy costs of the “hovering” behaviour, but if it has significant costs, the 
fish could compensate it by foraging right next to the cleaning station. When 
the individual stops resting, it is, obviously, more likely to start exploring the 
reef, possibly with the purpose of finding another place to rest or a place to 
start foraging. Finally, since the Foraging category could be followed by itself, 
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it may mean that when the individuals are going to forage, they may spend a 
certain amount of time dedicated to this need. However, when an individual 
stops foraging, it is more likely to start exploring the reef, possibly to search 
for other places to forage. 
During Spring, although there was the same tendency to the categories to 
be followed by Exploring, their probability values were not so high as during 
Autumn. Besides the types of sequences observed in the first campaign, 
others with high transitional probabilities have emerged. These new 
sequences derived from the categories related to reproduction, which 
occurred only during Spring.  
The Courtship and the Reproduction categories can be followed by each 
other since, occasionally, when a female is spawning (which is a behaviour 
alternated with the male‟s fertilization), it might not wait near the nest while 
the male is fertilizing the eggs. Instead, the female swims away from the nest 
(during 2 or 3 seconds) and then returns to it, showing its swollen belly to the 
male (as a new permission to re-spawn in the male‟s nest) and then restarts 
spawning (personal observations). Moreover, the Courtship category can be, 
sometimes, followed by Agonistic Interactions, since males‟ territorial 
behaviour is more active during the reproduction period (Voss, 1976; Helas 
et al., 1982), not only to  defend the nest from other fish, as it was already 
mentioned, but also to fight for the females attention and preference for its 
nest. Relatively to Nidification, when a male is building or performing the 
maintenance of the nest, it seems to be almost exclusively dedicated to that 
task (Lejeune, 1985), sequentially repeating behaviours of this category. 
However, the male can stop for a while to explore the reef and feed quickly, 
as was already mentioned. 
Even though these diagrams strongly support the illustration of our data, 
the analysis of z-scores is an essential complement to detect which 
sequences were more often or less often verified than it was expected. 
During C1, one of the results that we have considered interesting to 
discuss, was the sequence AGINT-FORAG, which occurred much less than 
expected. That could be explained by the fact that the three Symphodus spp. 
are being analyzed at the same time, being necessary to consider two 
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aspects. First they differ from each other in what concerns the frequency of 
agonistic interactions, and second, after an agonistic interaction the 
behaviour could be different  if it has occurred with a dominant individual or 
with a dominated individual. Another sequence was EXPLO-REST that has 
happened more often than it was expected. It could be due to the fact that, 
during Autumn these wrasses remain hidden amongst the rocks (Darwall et 
al., 1992b), possibly to recover the energy spent during the reproduction 
period. The last sequence that we wanted to highlight, was the FORAG-
FORAG, that has also occurred more often than expected. This one could be 
related to the absence of the priority of territory defence, leaving more time 
for the fish to feed itself. 
During C2, NIDIF-EXPLO happened less frequently than expected. To 
explain this result we reinforce the idea of the fish‟s dedication to the 
construction and maintenance of its nest, as well as guarding it, which 
probably reduces the males‟ interest in exploring the reef. This explanation is 
also applied to the sequence NIDIF-NIDIF, which was observed much more 
often than expected. The following sequences occurred more often than 
expected. REPRO-REPRO should be referred, since this category is the 
most uncommon to observe. It is due to the obligatory sequence: spawning – 
be expelt from the nest (Potts, 1974; Voss, 1976). The results of the 
sequence COURT-REPRO should be directly related to the obvious fact that 
reproduction is the purpose of courtship and, since the Reproduction 
category was rarely registered, it means that after a behaviour of courtship, 
the behaviour more probable to happen, and also more logical, is one of the 
reproduction category. 
Finally, relatively to the secondary Symphodus species in study, the only 
possible comparison that can be made between the data of the referred on-
going project and our registered occurrences, is by the presence/absence of 
these species in the three types of protection areas.  
During Autumn of 2009, our results were similar to the on-going project, in 
what concerns S. rostratus, but were different concerning the other two. The 
present study, reveals the presence of S. mediterraneus in the FPA, but, on 
the other hand, the presence of S. cinereus was never registered. 
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During Spring of 2010, our results contributed with additional information 
about the occurrence of the three secondary species, since in the ongoing 
project only S. cinereus was found. 
An illustration of both male and female of each species was made ( see 
Annexes F, G and H). 
 
As a conclusion, although some interesting patterns and tendencies have 
been revealed, we cannot assure any strict association between Symphodus 
spp. and the habitats, since our sampling only represented two seasons and 
the number of observed individuals of each species was small (although it is 
common in behavioural studies based in field work).  
However, those patterns should be taken into account as a starting point 
for future studies, since several analysis detected associations between 
wrasses and some particular habitats, within certain categories of behaviour.  
Therefore, future studies are necessary to conduct, with a wide temporal 
scale, in other regions, and also with other species. 
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Final Considerations 
 
The present study confirmed some of the patterns reported for other 
regions by several authors, but has also revealed and refuted others. 
However, some details remain unexplored. 
Since behavioural studies mainly depend on the researcher‟s 
interpretation and experience, it‟s necessary, and crucial, to perform an 
extensive previous research about the species, before the sampling, to 
reduce the probability of getting wrong conclusions. Having this into account, 
and considering that in the study area few studies on wrasses have been 
conducted, it was necessary to perform an in-depth research on these 
species. 
On the other hand, we consider that, in future studies, less categories of 
behaviour should be taken into account at the same time. This would allow a 
more profound study of each behaviour, probably revealing the hidden 
patterns that could not be disclosed when all the categories were being 
considered. 
In further studies we also suggest the use of video registrations, to enable 
posterior observations (and repeated) of the samples, which could clarify 
possible aspects or doubts.  
We have also considered that is essential to conduct a study dedicated 
only to gender identification, in order to confirm, in the lab, what is being 
registered in the field. 
Additionally we have noticed a lack of information on S. bailloni  in what 
concerns its colouration patterns, age of maturity, diet, and reproduction 
system. In spite of the present study‟s contribution with some important 
aspects, this species should be subject to further studies. 
Finally we highlight the ecological importance of these studies, since they 
constitute essential instruments that must be used, when conservation 
measures are going to be implemented. 
 
104 
 
References 
105 
 
 Abdulla A., Gomei M., Hyrenbach D., Notarbartolo di Sciara G., Agardy T. (2008) 
Challenges facing a network of representative marine protected areas in the 
Mediterranean: prioritizing the protection of underrepresented habitats. ICES Journal 
of Marine Science 66, 22-28 
Almada V.C., Dores J., Pinheiro A. Pinheiro M. and Santos R.S. (1983) Contribuição para o 
Estudo do Comportamento de Coryphoblennius galerita L. (Pisces: Blenniidae).  
Memórias do Museu do Mar – Série Zoológica 2(24), 1-166. 
Almada V., Garcia G. and Santos R.S. (1987) Padrões de actividade e estrutura dos 
territórios dos machos parentais de Parablennius pilicornis cuvier (Pisces: Blenniidae) 
da costa portuguesa Análise Psicológica 2(V), 261-280 
Almada V., Gonçalves E. and Henriques M. (2000) Inventariação e ecologia da ictiofauna do 
substrato rochoso da costa Arrábida/Espichel. Instituto da Conservação da Natureza, 
Relatório, 267 pp. 
Almada V.C., Henriques M. and Gonçalves E.J. (1999) Ecology and behaviour of reef fishes 
in the temperate north-eastern Atlantic and adjacent waters. In Almada V.C., Oliveira 
R.F. and Gonçalves E.J. (eds) Behaviour and Conservation of Littoral Fishes. Lisboa: 
ISPA, pp. 33-69 
Alonzo S.H. and Warner R.R. (1999) A trade-off generated by sexual conflict: Mediterranean 
wrasse males refuse present mates to increase future success. Behavioral Ecology 
10(1), 105-11 
Amorim A. (1982) Contribuição ao Estudo da Ictiofauna Pelágica do Estuário do Rio Sado. 
Graduation thesis, University of Lisbon, Lisbon, Portugal 
Arigoni S., Francour P., Harmelin-Vivien M. and Zaninetti L. (2002) Adaptive colouration of 
Mediterranean labrid fishes to the new habitat provided by the introduced tropical alga 
Caulerpa taxifolia. Journal of Fish Biology  60, 1486–1497 
Arnal C. and Morand S. (2001) Importance of ectoparasites and mucus in cleaning 
interactions in the Mediterranean cleaner wrasse Symphodus melanocercus. Marine 
Biology 138, 777-784 
Bagenal T.B. (1969) The relationship between food supply and fecundity in brown trout 
Salmo trutta L. Journal of Fish Biology 1,167-182 
Bakeman R. and Gottman J.M. (1986) Observing interaction: An Introduction to Sequential 
Analysis, 1st ed. New York: Cambridge University Press.  
Bauchot M.L. and Quignard J.P. (1973) Labridae. In Hureau J.C. and Monod T. (eds) Check-
list of the fishes of the north-eastern Atlantic and of the Mediterranean. Paris: 
UNESCO, pp. 426-443. 
Bell J.D., Craik G.J.S., Pollard D.A. and Russell B.C. (1985) Estimating length frequency 
distributions of large reef fish underwater. Coral Reefs 4, 41-44 
Beldade R. and Gonçalves E.J. (n.d.) Spatial structure and seasonality of a cryptobenthic 
fish assemblage 
Beldade, R., R. Borges, E. Gonçalves (2006) Depth distribution of nearshore temperate fish 
larval assemblages near rocky substrates. Journal of Plankton Resarch 28, 1003-1013. 
Cheney K.L. and Côté I.M. (2001) Are Caribbean cleaning symbioses mutualistic? Costs and 
benefits of visiting cleaning stations to longfin damselfish. Animal Behaviour 62, 927-
933  
106 
 
Choat J.H. and Ayling A.M. (1987) The relationship between habitat structure and fish 
faunas on New Zealand reef. Journal of Experimental Marine Biology and Ecology 110, 
257-284 
Clarke K.R. and Gorley R.N. (2006) Primer v6: User Manual/Tutorial. Primer-E Plymouth 
Costello M.J. (1991) Review of the biology of wrasse (Labridae: Pisces) in northern Europe. 
Progress in Underwater Science 16, 29-51 
Costello M. J. and Bjordal Å. (1990) How good is this natural control of sealice? Fish Farmer 
13, 44-46 
Couch J. (1868) A History of the Fishes of the British Isles, London: Groombridge and Sons  
Cunha P.L. (1994) Estrutura e Dinâmica da Ictiofauna do Estuário do Sado. PhD thesis, 
University of Lisbon, Lisbon, Portugal 
Cunha P.L. and Antunes M.M. (1991) Estudo comparative da ictiofauna de três sistemas da 
costa Portuguesa. Unpublished Report LNETI/DEII, 4, 13pp. 
Cuvier G. and Valenciennes A. (1839) Des Crénilabres. In Cuvier G. and Valenciennes A. 
(eds) Histoire Naturelle des Poissons. Paris: Pitois-Levrault, pp. 146-222 
Darwall W.R.T., Costello M.J., Donnelly R. and Lysaght (1992b) Implications of life-history 
strategies for a new wrasse fishery. Journal of Fish Biology 41(supplement B), 111-
123 
Dawkins R. and Carlisle T.R. (1976) Parental investment mate desertion and fallacy. Nature 
262, 131-133 
Day F. (1880-4) Labridae. In Day F. (ed) The Fishes of Great Britain and Ireland. London 
and Edinburgh: Williams and Norgate, 1, 251-270 
Deady S. and Fives J. (1995) The diet of corkwing wrasse, Crenilabrus melops, in Galway 
Bay, Ireland, and in Dinard, France. Journal of the Marine Biological Association of the 
United Kingdom 75, 635-649 
Delgado F. S. (1981) Contribucion al conocimiento de los labridos (familia Labridae) de las 
costas Ibericas. Parte I: descripcion de las especies. Boletin del Instituto Español de 
Oceanografia 6, 20-57. 
Depczynski M. and Bellwood D.R. (2004) Microhabitat utilisation patterns in cryptobenthic 
coral reef fish communities. Marine Biology 145, 455-463 
Deudero S., Morey G., Frau A., Moranta J. and Moreno I. (2008) Temporal trends of littoral 
fishes at deep Posidonia oceanica seagrass meadows in a temperate coastal zone. 
Journal of Marine Systems 70, 182-195 
Dipper F.A. and Pullin R.S.V. (1979) Gonochorism and sex-inversion in British Labridae 
(Pisces). Journal of the Zoology of London 187, 97-112 
Dixon P.S, and Irvine L.M. (1977) Seaweeds of the British Isles Volume1Rhodophyta Part 1 
introduction, Nemaliales, Gigartinales. British Museum (Natural History) London 252pp 
Dunn, M. R. and Brown M. J. (2003) The occurrence of Symphodus bailloni on the south 
coast of England. Journal of the Marine Biological Association of the United Kingdom 
83, 875-876 
Fernández L., Freire J. and González-Gurriarán (1995) Diel feeding activity of demersal 
fishes in the Ría de Arousa (Galicia, NW Spain): an area of intense mussel raft culture. 
Cahiers de Biologie Marine 36, 141-151 
107 
 
Fives J.M. (1976) Labridae of the Eastern North Atlantic. Conseil International pour 
L‟Éxploration de la Mer. Fiches D‟Identification du Zooplancton 149, 1-7 
Franco, G. F. G. (2007) Importância dos tufos de algas em recifes temperados (Arrábida, 
Portugal) no recrutamento de especies de peixes. MSc thesis, University of Lisbon, 
Lisbon, Portugal  
Frau A., Deudero S., Cerdeño S. and Alou L. (2003) No habitat preference in mixed 
meadows and rocky bottoms for Mediterranean Labridae and Sparidae fish species. 
Boletín. Instituto Español de Oceanografía 19(1-4), 483-491 
Friedlander A.M. and Parrish J.D. (1998) Habitat characteristics affecting fish assemblages 
on a Hawaiian coral reef. Journal of Experimental Marine Biology and Ecology 224, 1-
30 
Fulton C.J., Bellwood D.R. and Wainwright P.C. (2001) The relationship between swimming 
ability and habitat use in wrasses (Labridae). Marine Biology 139, 25-33 
García-Rubies A. and Macpherson E. (1995) Substrate use an temporal pattern of 
recruitment in juvenile fishes of the Mediterranean littoral. Marine Biology 124, 35-42 
Georges G., Brownhill D., Cooney B., Sandres N.K., Evans J., Hearn J.M., Scott H.D.B. and 
Siddons J.R. (1985) Historical background. In Georges G., Brownhill D., Cooney B., 
Sandres N.K., Evans J., Hearn J.M., Scott H.D.B. and Siddons J.R. (eds) Dolphins 
and whales in captivity. Fyshwick A.C.T.: Australian Government Publishing Service, 
Canberra Publishing and Printing Co., pp. 5-13 
Gibson R. N. (1969) The biology and behaviour of littoral fish. Oceanography and Marine 
Biology Annual Review 7, 367–410. 
Gomes J.A. and Almeida A.J. (1979) Notes sur l‟ichthyofaune du littoral rocheux Portugaise. 
Actas del Primer Simposio Ibérico de estudios del Bentos Marino, San Sebastian, 9-
11 April 1979. 317-332 
Gonçalves B.C. (1941) Colecção oceanográfica de D. Carlos I. Peixes. Travaux de la Station 
de Biologie Maritime de Lisbonne 46, 1-108 
Gonçalves E.J., Henriques M. and Almada V.C. (2002) Use of a temperate reef-fish 
community to identify priorities in the establishment of a marine protected area. In 
Beumer J.P., Grant A., Smith D.C. (eds) Aquatic Protected Areas: What Works Best 
and How Do We Know? Proceedings of the World Congress Aquatic Protected Areas, 
Cairns, Australia: Australian Society for Fish Biology: 261-272. 
Gordoa A., Molí B., Raventós N. (2000) Growth performance of four wrasse species on the 
north-western Mediterranean coast. Fisheries Research 45, 43-50 
Gorlick D.L. (1984) Preference for Ectoparasite-infected Host Fishes by the Hawaiian 
Cleaning Wrasse, Labroides phthirophagus (Labridae) Copeia 3, 758-762 
Green A.L. (1996) Spatial, temporal and ontogenetic patterns of habitat use by coral reef 
fishes (Family Labridae). Marine Ecology Progress Series 133, 1-11 
Gücü A. C., Yüksek A. (1994) A program for the identification of the pelagic eggs of Black 
sea fishes. NAGA, The ICLARM Quarterly 17(4), 53- 54 
Hanel R., Westneat M.W. and Sturmbauer C. (2002) Phylogenetic relationships, evolution of 
broodcare behaviour, and geographic speciation in the wrasse tribe Labrini. Journal of 
Molecular Evolution 55, 776-789. 
108 
 
Harmelin-Vivien M. L. and Francour P. (1992) Trawling or visual censuses? Methodological 
bias in the assessment of fish populations in seagrass beds. Marine Ecology-
Pubblicazioni della stazione zoological de Napoli I, 13(1), 41-51 
Harmelin-Vivien M. L., Harmelin J.G., Chauvet C., Duval C., Galzin R., Lejeune P., Barnabé 
G. Blanc F. Chevalier R., Duclerc J. and Lassere G. (1985) Évaluation visuelle des 
peuplemens et populations de poissons: méthodes et problèmes. Revue d'Ecologie 
(Terre Vie) 40(4): 467-539 
Helas T., Lejeune P., Michel Ch. and Voss J. (1982a) A propos de quelques poisons de la 
Méditerranée (Symphodus (Crenilabrus) roissali) (Risso 1810). Revue Française 
d’Aquariologie 9(1), 29-32 
Helas T.C., Michel C. and Voss J. (1982b) A propos de quelques poissons de la 
Méditerranée (Symphodus (Crenilabrus) mediterraneus) (Linné, 1758). Revue 
Francais d’Aquariologie 9, 33–36. 
Henriques M. and Almada V.C. (1997) Relative importance of cleaning behaviour in 
Centrolabrus exoletus and other wrasse at Arrábida, Portugal. Journal of Marine 
Biological Association of the United Kingdom 77, 891-898 
Henriques M., Gonçalves E.J., Almada V.C. (1999) The conservation of littoral fish 
communities: a case study at Arrábida coast (Portugal). In Almada V.C., Oliveira R.F. 
and Gonçalves E.J. (eds) Behaviour and Conservation of Littoral Fishes Lisboa: 
Instituto Superior de Psicologia Aplicada, pp. 473-519.  
Hilldén N.O. (1984). Behavioural Ecology of the Labrid Fishes (Teleostei: Labridae) at Tjärnö 
on the Swedish West Coast. PhD Theses, University of Stockholm, Stockholm. 
Hubble M. (2003) The Ecological Significance of Body Size in Tropical wrasses (Pisces: 
Labridae). PhD thesis, James Cook University, Australia 
Krebs J.R. and Davies N.B. (1993) An introduction to behavioural ecology. 3rd ed. Oxford: 
Blackwell Scientific Publications 
La Mesa G. and Vacchi M. (2005) Analysis of the blennioid assemblages associated with 
different rocky shore habitats in the Ligurian Sea. Journal of Fish Biology 66, 1300-
1327 
Lejeune P. (1985) Étude écoéthologique des comportements reproducteurs et sociaux des 
Labridés méditerranéens des genres Symphodus Rafinesque, 1810, et Coris 
Lacepede, 1802. Cahiers d'Ethologie Appliquee  5(2), 1-208 
Lejeune P. and Voss J. (1979) A propos de quelques poissons de la Méditerranée 
(Symphodus (Symphodus) rostratus) (Bloch 1797). Revue Française d'Aquariologie  6, 
55-56 
Lejeune P. and Voss J. (1980) A propos de quelques poissons de la Méditerranée 
(Symphodus (Symphodus) cinereus) (Bonaterre 1788). Revue Française 
d'Aquariologie (1), 29-32 
Lipej L., Orlando-Bonaca M., Ozebek B. and DulČIĆ J. (2009) Nest characteristics of three 
labrid species in the Gulf of Trieste (northern Adriatic Sea). Acta Adriatica 50(2), 139-
150 
Luttbeg B. and Warner R.R. (1999) Reproductive decision making by female peacock 
wrasses: flexible versus fixed behavioral rules in variable environments. Behavioral 
Ecology 10(6), 666-674 
Macpherson E. (1994) Substrate utilisation in a Mediterranean littoral fish community. Marine 
Ecology Progress Series 114, 211-218 
109 
 
Malavasi S., Fiorin R., Franco A., Franzoi P., Granzotto A., Riccato F. And Mainardi D. (2004) 
Fish assemblages of Venice Lagoon shallow waters: an analysis based on species, 
families and functional guilds Journal of Marine Systems 51, 19-31 
Martin P. and Bateson P. (2007) Measuring Behaviour: An Introductory Guide, 3rd ed. 
Cambridge: Cambridge University Press. 
McCormick M.I. (1994) Comparison of field methods for measuring surface topography and 
their associations with a tropical reef fish assemblage. Marine Ecology Progress 
Series 112, 87-96 
Nijssen H. and Groot S.J. de (1974) Catalogue of fish species of the Netherlands. Beaufortia, 
21, 173-207 
Norman M.D. and Lu C.C. (2000) Preliminary checklist of the cephalopods of the south 
China sea. The Raffles Bulletin of Zoology 8(supplement), 539-567 
Odgen J.C. (1998) The influence of adjacent systems on the structure and function of coral 
reefs. In Choal J.H. et al. (ed.) Proceedings of the Sixth International Coral Reef 
Symposium, Townsville, Australia, 8-12 August 1988. Vol 1, pp. 123-129 
Parrish J.D., Callahan M.W. and Norris J.E. (1985) Fish trophic relationships that structure 
reef communities. Proceedings of the Fifth International Coral Reef Congress, Tahiti. 
Vol 4, pp. 73-78 
Patton M.L., Grove R.S. and Harman R.F. (1985) What do natural reefs tell us about 
designing artificial reefs in Southern California? Bulletin of Marine Science 37, 279-
298 
Pauly D., Christensen V., Dalsgaard J., Froese R. and Torres Jr. F. (1998) Fishing down 
marine food webs. Science 279, 860–863. 
Perrone M. and Zaret T.M. (1979) Parental care patterns of fishes. American Naturalist 113, 
351-361  
Porteiro F.M., Barreiros J.P. and Santos R.S. (1996) Wrasses (Teleostei: Labridae of the 
Azores. Arquipélago - Life and Marine Science 14A, 23-40.  
Potts G.W. (1973) Cleaning symbiosis among British fish with special reference to 
Crenilabrus melops (labridae). Journal of the Marine Biological Association of the 
United Kingdom 53, 1-10 
Potts G.W. (1974) The colouration and its behavioural significance in the Corkwing wrasse, 
Crenilabrus melops. Journal of the Marine Biological Association of the United 
Kingdom 54, 925-938 
Potts G.W. (1985) The nest structure of the corkwing wrasse, Crenilabrus melops (Labridae: 
Teleostei). Journal of the Marine Biological Association of the United Kingdom 65(2), 
531-546 
Poulin R. (1993) A cleaner perspective on cleaning symbiosis. Reviews in Fish Biology and 
Fisheries 3, 75-79 
Quignard J.P. (1966) Recherches sur les Labridae (Poissons Téléostens Perciforms) des 
côtes européennes. Systématique et Biologie. Naturalia Monspeliensia. Série 
Zoologique 5, 7-249 
Quignard J.P. and Pras A. (1986) Labridae. In Whitehead P.J.P., Bauchot M.L., Hureau J.C., 
Nielsen J. and Tortonese E.  (eds) Fishes of the northeastern Atlantic and the 
Mediterranean. Paris: UNESCO, pp. 919-942 
110 
 
Raposeiro  P. M. V. M. and Azevedo J. M. N. (2009) Reproductive biology of Symphodus 
mediterraneus (Teleostei, Labridae) in the Azores. Marine Ecology 30(Suppl. 1), 175-
180 
Raventos N. (2004) Effects of wave action on nesting activity in the littoral five-spotted 
wrasse, Symphodus roissali (Labridae), in the northwestern Mediterranean Sea. 
Scientia Marina 68(2), 257-264 
Raventos N. (2006) Nest size characteristics and nesting success of the fivespotted wrasse 
Symphodus roissali in the north-western Mediterranean Sea. Journal of Fish Biology 
68, 305-309 
Raventós N. and Macpherson E. (2005) Effect of pelagic larval growth and size-at-hatching 
on post-settlement survivorship in two temperate labrid fish of the genus Symphodus. 
Marine Ecology Progress Series 285, 205-211 
Raventos N. and Planes S. (2008) Maternal size effects on early life traits of the temperate 
fish Symphodus roissali. Aquatic Biology 4, 1-6 
Reuter J.H. (1967) A first report of Bailloni's wrasse in the North Sea. Netherlands Journal of 
Sea research 3, 605-607 
Robertson D.R. and Choat J.H. (1974) Protogynous hermaphroditism and social systems in 
labrid fish. In Proceedings of the Second International Coral Reef Symposium 1, Great 
Barrier Reef Committee, Brisbane, Australia, October 1974. pp.217-225 
Ruitton S., Francour P. and Boudouresque C.F. (2000) Relationships between Algae, 
Benthic Herbivorous Invertebrates and Fishes in Rocky Sublittoral Communities of a 
Temperate Sea (Mediterranean). Estuarine, Coastal and Shelf Science 50, 217-230 
Sackett G.P. (1979) The lag sequential analysis of contingency and cyclicity in behavioral 
interaction research. In J.D. Osofsky (ed) Handbook of infant development New York: 
Wiley, pp. 623-649 
Safriel U.N. and Ben-Eliahu M.N. (1991) The influence of habitat structure and 
environmental stability on the species diversity of polychaetes in vermetid reefs. In 
Bell S.S., McCoy E.D., Mushinsky H.R. (eds) Habitat Structure: the Physical 
Arrangement of Objects in Space. Chapman and Hall, New York, pp. 349-369 
Saldanha L. (1974) Estudo do povoamento dos horizontes superiores da rocha litoral da 
costa da Arrábida (Portugal). PhD thesis, University of Lisbon, Lisbon, Portugal. 
Sale, P. G. (1974a) Mechanisms of co-existence in a guild of territorial fishes at Heron Island. 
In: Second International Symposium Coral Reefs, Proc. Vol. 1. Great Barrier Reef 
Committee, Brisbane, Australia, pp. 193-206 
Sale P.F. (1991) The ecology of fishes on coral reefs. San Diego: Academic Press 
Sayer M. D. J. and Reader J.P. (1996a) Exposure of goldsinny, rock cook and corkwing 
wrasse to low temperature and low salinity: survival, blood physiology and seasonal 
variation. Journal of fish biology 49, 41-63 
Sayer M.D.J. and Treasurer J.W. (1996) North European wrasse: identification, distribution 
and habitat. In Sayer M.D.J., Treasurer J.W. and Costello M.J. (eds) Wrasse: biology 
and use in Aquaculture. Oxford: Fishing News Books, pp. 3-12. 
Sayer M.D.J., Gibson R.N. and Atkinson R.J.A. (1996b) Growth, diet and condition of 
corkwing wrasse and rock cook on the west coast of Scotland. Journal of Fish Biology 
49, 76-94 
111 
 
Scharf F.S., Manderson J.P. and Fabrizio M. (2006) The effects of seafloor habitat 
complexity on survival of juvenile fishes: Species-specific interactions with structural 
refuge. Journal of Experimental Marine Biology and Ecology 335, 167–176 
Sebens K.P. (1991) Habitat structure and community dynamics in marine benthic systems. 
In Bell S.S., McCoy E.D. and Mushinsky H.R. (eds) Habitat Structure: the Physical 
Arrangement of Objects in Space. London: Chapman & Hall, pp.211-234 
Sheperd J.G. (1984) The availability and information content of fisheries data. In May R.M. 
(ed) Exploitation of Marine Communities. Springer-Verlag, Berlin, pp. 95-109 
Sobral D. (1993) Peixes do estuário do Sado. Estudos de biologia e conservação da 
natureza SNPRCN 11, 1-26  
Steneck R.S. (1994) A functional group approach to the structure of algal-dominated 
communities. OIKOS  69(3), 476-498 
Syms C. (1995) Multi-scale analysis of habitat association in a guild of blennioid fishes. 
Marine Ecology Progress Series 125, 31-43 
Tavares, M-J. P. F. S. (2009) Composição dos ninhos de Labrídeos do género Symphodus 
na costa da Arrábida. MSc thesis, University of Lisbon, Lisbon, Portugal  
Thangstad T. (1999) Spatial and temporal distribution of three wrasse species (Pisces: 
Labridae) in Masfjord, western Norway: habitat association and effects of 
environmental variables. MSc thesis, University of Bergen, Bergen, Norway 
Treasurer J.W. (1994) The distribution, age and growth of wrasse (Labridae) in inshore 
waters of west Scotland. Journal of Fish Biology 44, 905-918 
Tuya F., Wenberg T. and Thomsen M.S. (2009) Habitat structure affect abundances of labrid 
fishes across temperate reefs in south-western Australia. Environmental Biology of 
Fishes 86, 311-319 
Uglem I. and Rosenqvist G. (2002) Nest building and mating in relation to male size in 
corkwing wrasse, Symphodus melops. Environmental Biology of Fishes 63, 17-25 
Uglem I., Rosenqvist G. and Wasslavik H.S. (2000) Phenotypic variation between dimorphic 
males in corkwing wrasse. Journal of Fish Biology 57, 1-14. 
Uglem I., Galloway T.F., Rosenqvist G. and Folstad I. (2001) Male dimorphis,, sperm traits 
and immunology in the corkwing wrasse (Symphodus melops L.). Behavioral Ecology 
and Sociobiology 50, 511-518 
Van Tassel J.L., Brito A. and Bortone S.A. (1994) Cleaning behavior among marine fishes 
and invertebrates in the Canary Islands. Cybium 18, 117–127 
Vicente L., Ferreira M. and Proença V. (2002) ETOLOGIA - glossário dos principais 
conceitos utilizados nas aulas práticas. Faculdade de Ciências da Universidade de 
Lisboa – Departamento de Biologia Animal, 7pp. 
Voss J. (1976) A propos de quelques poissons de la Méditerranée. Le genre Symphodus 
Rafinesque 1810. Revue Française d’Aquariologie 3, 93-98 
Warner R.R. and Lejeune P. (1985) Sex change limited by paternal care: a test using four 
Mediterranean labrid fishes, genus Symphodus. Marine Biology 87, 89-99 
Warner R.R. and Robertson D.R. (1978) Sexual patterns in the Labroid fishes of the western 
Caribbean, I: The Wrasses (Labridae). Smithsonian Contributions to Zoology 254, 1-
27 
112 
 
Webb P.W. (1994) The biology of fish swimming. In Maddock L., Bone Q. and Rayner J.M.V. 
(eds) Mechanics and physiology of animal swimming. Cambridge: Cambridge 
University Press, pp  45-62 
Wharton W.G. and Mann K.H. (1981) Relationship between destructive grazing by the sea 
urchin, Stronglyocentrotus droebachiensis, and abundance of American lobster, 
Homarus americanus, on the Atlantic coast of Nova Scotia. Canadian Journal of Fish 
and Aquatic Science 38, 1339-1349 
Wheeler A. (1969) The fishes of the British Isles and Northwest Europe. East Lansing: 
Michigan State University Press.  
Wheeler A. (1975) Fishes of the World, an Illustrated Dictionary.  New York: Macmillan,. 
366pp 
Wheeler A. and Clark P. (1984) New records for the occurrence of Crenilabrus bailloni 
(Osteichthyes: Perciformes: Labridae) in the waters of northern Europe. Journal of the 
Marine Biological Association of the United Kingdom 64, 1-6. 
Whitehead, P. J., M.-L. Bauchot, J.-C. Hureau, J. Nielsen and E. Tortonese (1989) Fishes of 
the North-east Atlantic and the Mediterranean. Vol. I, II and III. UNESCO, Paris: 
1473pp.  
Wirtz, P. and H. Debelius (2004) Mediterranean and Atlantic Invertebrate Guide, 
Hackenheim: Conchbooks  
Yarrell W. (1836)  A History of British Fishes, London: Van Voorst. 
 
 
113 
 
Annexes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
114 
 
Annex A  
 
Table 1.A – Details relative to sampling with the number of individuals 
observed and diving time (min) 
 
Campaign 
Protection 
area 
Visiting 
order 
Site Day Month Year 
Hour 
(beginning and 
end) 
Number of 
observed 
individuals 
Diving 
time 
(min) 
Total 
diving 
time 
(min) 
C1 
PPA 1 
Pedra do Leão 
(E) 
1 10 2009 1355 - 1425 10 30 
79 
12 10 2009 1425 - 1514 8 49 
FPA 2 Derrocada 16 10 2009 1313 - 1433 18 80 80 
PPA 3 
Pedra do Leão 
(W) 
19 10 2009 1612 - 1730 15 78 
105 
10 11 2009 1505 - 1532 3 27 
FPA 4 Risco 27 10 2009 1440 - 1550 18 70 70 
BA 5 Bobaleiros 
2 11 2009 1220 - 1350 16 90 
102 
3 11 2009 1548 - 1600 2 12 
BA 6 Tranca 
3 11 2009 1230 – 1350 17 80 
100 
3 11 2009 1538 - 1548 1 10 
PPA 7 Baía do Nocturno 
11 11 2009 1626 - 1725 12 59 
84 
18 11 2009 1248 - 1313 6 25 
PPA 8 Pinheirinhos (E) 18 11 2009 1026 - 1132 18 66 66 
FPA 9 Cabo Afonso 24 11 2009 1101 - 1212 18 71 71 
FPA 10 Pinheirinhos (W) 26 11 2009 1230 - 1335 18 65 65 
BA 11 Pirâmides 14 12 2009 1151 - 1251 18 60 60 
C2 
BA 1 Bobaleiros 
1 4 2010 1229 - 1335 12 66 
123 
1 4 2010 1519 - 1616 6 57 
PPA 2 
Pedra do Leão 
(E) 
12 4 2010 1315 - 1400 12 45 
78 
1 6 2010 1215 - 1248 6 33 
FPA 3 Cabo Afonso 26 4 2010 1155 - 1313 18 78 78 
PPA 4 Baía do Nocturno 26 4 2010 1444 - 1540 18 56 56 
BA 5 Pirâmides 
27 4 2010 1155 - 1315 16 80 
183 27 4 2010 1445 - 1610 1 85 
7 6 2010 1422 - 1440 1 18 
PPA 6 
Pedra do Leão 
(W) 
29 4 2010 1248 - 1339 9 51 
101 
1 6 2010 1248 - 1338 9 50 
BA 7 Tranca 
30 4 2010 1200 - 1317 15 77 
137 
30 4 2010 1459 - 1559 3 60 
FPA 8 Derrocada 
3 5 2010 1235 - 1353 15 78 
147 
3 5 2010 1511 - 1550 3 39 
PPA 9 Pinheirinhos (E) 
4 5 2010 1201 - 1301 14 60 
95 
4 5 2010 1431 - 1506 4 35 
BA 10 Olhos 
11 5 2010 1337 - 1429 9 52 
137 11 5 2010 1555 - 1656 6 61 
7 6 2010 1205 - 1229 3 24 
FPA 11 Risco 17 5 2010 1058 - 1242 18 104 104 
FPA 12 Pinheirinhos (W) 27 5 2010 1140 - 1308 18 88 88 
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Annex B 
Table 1.B – Details relative to sampling with visibility (m) and minimum and 
maximum depths (m) 
Campaign Protection area Visiting order Site Day Month Year 
Hour 
(beginning 
and end) 
Visibility 
(m) 
Minimum depth 
(m) 
Maximum depth 
(m) 
C1 
PPA 1 Pedra do Leão (E) 
1 10 2009 1355 - 1425 11 3,2 9,2 
12 10 2009 1425 - 1514 -- 6,7 9,7 
FPA 2 Derrocada 16 10 2009 1313 - 1433 -- 1,7 7,7 
PPA 3 Pedra do Leão (W) 
19 10 2009 1612 - 1730 5 4,2 10,7 
10 11 2009 1505 - 1532 -- 5,9 8,9 
FPA 4 Risco 27 10 2009 1440 - 1550 -- 3 3 
BA 5 Bobaleiros 
2 11 2009 1220 - 1350 12 6,8 11,8 
3 11 2009 1548 - 1600 11 4,6 10,1 
BA 6 Tranca 
3 11 2009 1230 – 1350 11 3,5 10 
3 11 2009 1538 - 1548 11 4,2 9,7 
PPA 7 Baía do Nocturno 
11 11 2009 1626 - 1725 -- 4 10 
18 11 2009 1248 - 1313 7 4,6 8,6 
PPA 8 Pinheirinhos (E) 18 11 2009 1026 - 1132 6 3,2 9,7 
FPA 9 Cabo Afonso 24 11 2009 1101 - 1212 8 2,8 9,3 
FPA 10 Pinheirinhos (W) 26 11 2009 1230 - 1335 6 2,6 7,1 
BA 11 Pirâmides 14 12 2009 1151 - 1251 10 5,1 8,1 
C2 
BA 1 Bobaleiros 
1 4 2010 1229 - 1335 13 4,9 10,7 
1 4 2010 1519 - 1616 9 6,1 11,6 
PPA 2 Pedra do Leão (E) 
12 4 2010 1315 - 1400 7 4,7 9,2 
1 6 2010 1215 - 1248 -- 3,2 11,7 
FPA 3 Cabo Afonso 26 4 2010 1155 - 1313 5 1,7 8,5 
PPA 4 Baía do Nocturno 26 4 2010 1444 - 1540 5 6,3 11,1 
BA 5 Pirâmides 
27 4 2010 1155 - 1315 8 3,8 8,3 
27 4 2010 1445 - 1610 7 6,7 9,7 
7 6 2010 1422 - 1440 -- 2,8 6,5 
PPA 6 Pedra do Leão (W) 
29 4 2010 1248 - 1339 8 6,1 9,7 
1 6 2010 1248 - 1338 -- 2,9 11,4 
BA 7 Tranca 
30 4 2010 1200 - 1317 11 3,2 8,8 
30 4 2010 1459 - 1559 7 3 8,1 
FPA 8 Derrocada 
3 5 2010 1235 - 1353 10 2 7,5 
3 5 2010 1511 - 1550 -- 6,4 8 
PPA 9 Pinheirinhos (E) 
4 5 2010 1201 - 1301 6 2,2 10,7 
4 5 2010 1431 - 1506 6 2,8 9,6 
BA 10 Olhos 
11 5 2010 1337 - 1429 9 3,7 7,3 
11 5 2010 1555 - 1656 6 4,3 7 
7 6 2010 1205 - 1229 -- 3,6 6,1 
FPA 11 Risco 17 5 2010 1058 - 1242 -- 2,6 9,7 
FPA 12 Pinheirinhos (W) 27 5 2010 1140 - 1308 -- 1,3 7,2 
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Annex C – Registration sheets 
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Nº Sp ♀ / ♂ Size(cm) Ini_Dp Fin_Dp Behaviour & Habitat  
1 
S. bailloni      
2 
S. bailloni      
3 
S. bailloni      
4 
S. bailloni      
5 
S. bailloni      
6 
S. bailloni      
7 
S. melops      
8 
S. melops      
9 
S. melops      
10 
S. melops      
Campaign 
number: 
Dive 
number: 
Day: Starting time: Ending time: Site: Area: Maximum depth: 
15cm 
15cm 
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Nº Sp ♀ / ♂ Size(cm) Ini_Dp Fin_Dp Behaviour & Habitat 
11 
S. melops      
12 
S. melops      
13 
S. roissali      
14 
S. roissali      
15 
S. roissali      
16 
S. roissali      
17 
S. roissali      
18 
S. roissali      
19 
Other 
Symphodus 
spp. 
     
20 
Other 
Symphodus 
spp. 
     
Campaign 
number: 
Dive 
number: 
Day: Starting time: Ending time: Site: Area: Maximum depth: 
15cm 
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Annex D – Ethogram  
 
 
 
 
 
 
 
 
 
 
This compilation of behaviours and categories‟ descriptions was based on 
previous literature and on personal observations. 
 
Notes: 
 
Event (EV) – This classification applies when the duration of the 
behaviour is not measurable. Although some of them can last a few fractions of 
a second, they are also considered non-measurable. A behaviour can also be 
considered as an event when there is no interest on its duration, only in its 
occurrence (Vicente et al, 2002). 
State (ST) – This classification applies when the beginning and the end 
of the behaviour is easily distinguished. In these types of behaviour, the 
duration can be registered as well as the occurrence frequency (Vicente et al, 
2002). 
Abbreviations referring which species have been observed performing 
each behaviour: 
Symphodus bailloni – SB 
Symphodus melops – SM 
Symphodus roissali – SR 
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Non-Social Behaviours (NSB) 
1. EXPLORING 
Movements and actions with an exploratory character. 
1.1. “Swimming” (ST) – SB, SM, SR 
A change in position provided by fins. In Almada et al (1987) this activity was 
described to Parablennius pilicornis (Cuvier 1829)  as having no other finality 
besides moving from a place to another. The swimming style is labriform (Webb, 
1994) and this behaviour can elapse in three situations: Horizontally (H): the 
vertical distance between the substrate and the individual  is maintained, 
Upward (U): the individual moves into the surface, or Downward (D): the 
individual moves into the bottom. 
 
1.2. “Swimming fast” (ST) – SB, SM, SR 
An accelerated movement from a place to another provided by fins. It can also 
elapse in three situations: H, U, or D (personal observations). 
 
1.3. “Keeping position” (ST) – SB, SM, SR 
An intensive use of fins to resist the current. It can be observed on: the water 
column, next to a structure of the physical habitat, or amongst structures of the 
biotic habitat (personal observations). 
 
1.4. “Displaced by the current” (EV) – SB, SM, SR 
A movement caused by the current, on which there is no intensive use of fins to 
react against it (personal observations). 
 
1.5. “Circumventing” (ST) – SB, SM, SR 
An exploratory movement, which consists in encircling a structure (a reference 
point) of the habitat, either physical or biotic (personal observations). 
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1.6. “Swimming in circles” (ST) – SB, SM, SR 
A horizontal circular movement, without a physical reference on the center. It 
occurs near the bottom, not more than 20cm (personal observations). 
 
1.7. “Half turn” (EV) – SB, SM, SR 
The individual stops moving, reverses direction (making a rotation of about 180º) 
and continues swimming (personal observations). 
 
1.8. “Swimming tilted to one side” (ST) – SB, SM 
An accelerated movement provided by fins, from one place to another, but, 
instead of going upright, the body is slightly tilted to one side. In that position, 
the fish curls its body (from the caudal fin to the tip of the snout) very quickly. 
These events occur intermittently and last ~1sec each. This behaviour reminds 
the “Chaffing” but there is no contact between the fish and a structure of the 
habitat (personal observations). 
 
1.9. “Inspecting the habitat” (ST) – SB, SM, SR 
The fish approaches a structure of the habitat (physical or biotic), to watch it 
closely, and then swims away (personal observations). 
 
2. FORAGING  
Actions related to feeding habits. 
2.1.  “Biting” (EV) – SB, SM, SR 
Nibbling a structure of the biotic habitat to ingest it. In Almada et al (1987) this 
activity is described to Parablennius pilicornis (Cuvier 1829).  This behaviour 
can take place with the fish‟s body standing upright, or with the body tilted to 
one side (personal observations). For the latter position, Symphodus bailloni 
was observed to bite Asparagopsis armata and Plocamium sp.; S. melops was 
also seen to bite Asparagopsis armata, but Halopteris sp. as well; in the case of 
S. roissali, the genus Mesophyllum sp. and Sphaerococcus sp. were observed 
being eaten.  
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2.2. “Pulling” (EV) – SR 
Occurs when it becomes necessary to stretch a structure until it breaks, getting 
the fragment wanted, to ingest it (personal observations). 
 
2.3.  “Throwing out” (EV) – SB, SM, SR 
Rejection of part of the material ingested (e.g. sand and algae fragments). This 
material stays in suspension on the water column for some seconds (personal 
observations). 
 
2.4. “Chewing” (EV) – SB, SM 
Opening and closing the mouth in order to masticate the food (personal 
observations). 
 
2.5. “Eating again what was thrown out” (EV) – SB, SM 
Ingest again the material that was in suspension after the individual had just 
thrown out (personal observations). 
 
2.6. “Approaching” (ST) – SB, SM, SR 
The individual swims slowly to reduce the distance between itself and the 
structure of the biotic or physical habitat, becoming ca 5cm or less from it. This 
behaviour is usually followed by “Biting” or by “Keeping position”.  In Almada et 
al (1987) this activity was described to Parablennius pilicornis (Cuvier 1829) as 
“hunting”, since the fish search actively for preys next to the substratum.   
 
2.7. “Defecating” (EV) – SM 
To expel the excrement from the anus. 
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3. REST  
Actions that do not imply an apparent  effort from the fish. 
3.1. “Laying down” (ST) – SB, SM, SR 
The flank and frequently the ventral zone, are leaning to a structure of the 
habitat (physical or biotic). S. roissali was the species that performed this 
behaviour more frequently, particularly the females. S. roissali used mostly 
Asparagopsis armata for laying down, although Plocamium sp. was also used 
for this purpose. This wrasse used as well bedrock, fine sand and small holes 
for laying down. S. bailloni was also seen performing this behaviour, but only by 
juveniles and large adults. This wrasse was observed laying down in 
Asparagopsis armata and in Codium tomentosum, in medium rocks, and in 
pebbles. Individuals of all size classes of S. melops were observed doing this 
behaviour. Cystoseira sp., Plocamium sp., bedrock, and pebbles were the 
habitat structures on which these fishes laid down. This behaviour, could be the 
reason for the reference in Quignard & Pras (1986) and in Wheeler (1975) that 
these species sleep at night. 
 
3.2. “Hiding” (ST) – SB, SM, SR 
The individual enters and stays inside of a structure of the habitat (physical or 
biotic), being no longer seen or merely not seen during a few seconds. 
Sometimes the fish is partially visible in its hideout (personal observations). 
 
3.3. “Yawn” (EV) – SB, SM, SR 
In Almada et al (1987) this activity was described to Parablennius pilicornis 
(Cuvier 1829), as an opening of the mouth, staying with the jaws open during 1 
or 2 seconds. Usually, the opercula opens right after the mouth closes (personal 
observation). 
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Social-behaviours (SB) 
4. CLEANING  
When the individual aims to remove the ectoparasites by itself or with the 
cooperation of a cleaner species.  
4.1. “Hovering” (ST) – SB, SM, SR 
Usually performed when an individual of a cleaner species approaches. It 
occurs through an intensive use of the pectoral fins while maintaining the height 
from the substrate. It‟s an invitation posture commonly called “head-up”, on 
which the individual stretches the unpaired fins and remains upright (Potts, 
1973; Henriques & Almada, 1997). It was a behaviour rarely observed in S. 
bailloni, and just once in the presence of an individual of Centrolabrus exoletus. 
Individuals of S. roissali acquired this position without a fish next to it, as well as 
in the presence of C. exoletus or Coris julis. In the case of S. melops, this 
posture was also performed without another fish next to it, or merely in the 
presence of C. exoletus. This behaviour was more observed in the 
Autumn/Winter seasons. 
 
4.2. “Chaffing” (EV) – SM, SR 
The individual rubs the body, usually the flanks, in a structure of the habitat 
(physical or biotic). It is a very brief behaviour (last ~1sec) and usually occurs 3 
or 4 times followed, each spaced by a 2sec intervals. This behaviour‟s objective 
seems to be ectoparasite removal and was described for Coryphoblennius 
galerita by Almada et al (1983). 
 
5. AGONISTIC INTERACTIONS  
These interactions consist mostly of aggressive behaviours, which can happen 
at all ages and on both sexes, being more frequently observed in the 
reproduction season due to the territorial behaviour of wrasses. 
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5.1. “Chasing” (ST) – SB, SM, SR 
Persecution of an individual, which swims away very fast,  as a result of the 
threatening chaser. It is observed, for example, when a male intruder (sneaker) 
enters on the nest‟s owner and the former is chased until it is distant from the 
local where the nest is (Potts, 1974; Helas et al, 1982a). Although it was not 
described for S. bailloni, individuals of this species were also seen to chase 
another fishes in this study. 
 
5.2.  “Escaping” (ST) – SB, SM, SR 
One individual is forced to run away from a threatening chaser. Usually, the 
individual that is escaping ends up hiding during some seconds (personal 
observation). 
 
5.3. “Parallel parade” (ST) – SB, SR 
Two males swimming side by side (in parallel), both stretching the unpaired fins. 
Normally, the larger individual turns the head to the smaller. This individual will 
continue to swim, keeping the distance from the larger individual, as long as the 
latter tries to shorten the distance between them (Potts, 1974; Voss, 1976; 
Helas et al, 1982a). During this behaviour, the fishes can also lower the gular 
region beneath the head, increasing the extent of the lateral profile (Potts, 1974; 
Helas et al, 1982a). This last detail was observed in the aquarium experiences 
of Potts, being unobserved in the field, in the present study. On the case of S. 
roissali, this behaviour makes the orange spots on the dorsal fin very distinct 
(Helas et al, 1982a). Although this behaviour have been described for S. 
melops and S. roissali, it was only observed in S. roissali and S. bailloni. 
 
5.4. “Frontal threatening” (EV) – SB, SM, SR 
Two individuals face each other with the mouths opened. Usually, the individual 
which is threatening tilts the head down. There is an attempt of aggression, but, 
in the end, there is no contact between both fishes. This behaviour occurs 
between males or females and never between different sexes (Potts, 1974; 
Voss, 1976). It was observed in the three species, but it was only described for 
S. melops and for S. roissali. 
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5.5. “Carousel” (ST) – SB 
Two individuals pursue each other simultaneously, spinning around and 
ascending in a spiral (Voss, 1976; Helas et al, 1982a). Sometimes, its origin is 
when one fish swims upwards, trying to avoid the aggressor. In this situation, 
the aggressor follows the other closely, generating a spiralling movement (Potts, 
1974). Barlow named “carousel” to this behaviour in 1963. Curiously, this was 
only seen in S. bailloni, although there is no reference in the literature of this 
behaviour in this species. 
 
5.6. “Colour Change” (EV) – SR 
A change in the colour pattern can be verified on a prolonged duel between 
males. On the case of S. roissali, the defeated male shows two dark longitudinal 
lines on both flanks and on the dominant male several transversal lines appear 
on both flanks (Helas et al, 1982a). In the case of S. melops, although it was not 
observed in this study, the mouth and the lips can turn very whitish (Voss, 1976), 
and the aggressor develops dark brown vertical bars on the flanks (Potts, 1974). 
However, Potts refers that the dominated fish can also show those vertical bars, 
but with the difference that this individual have the unpaired fins flat against the 
body. 
 
5.7. “Stretching unpaired fins” (EV) – SM, SR 
The fish totally stretches the unpaired fins, getting a bigger appearance in the 
presence of another individual (Potts, 1974; Voss, 1976; Helas et al, 1982a; 
Lejeune, 1985). Occurs simultaneously with the lowering of the gular region 
beneath the head, which also increases the extent of the lateral profile (Potts, 
1974). Like the behaviour “Parallel Parade or lateral displays”, the last detail 
was observed in the aquarium experiences of Potts, being unobserved in the 
field. 
 
 
6. COURTSHIP  
The individual, male or female, tries to attract the opposite sex through body‟ 
signals and positions. 
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6.1.  “Displaying Flank” (ST) – SM, SR 
When a female finds a male of the same species on a nest, the former goes 
right into it, arching the body to show the round abdomen and the coloured 
urogenital papilla to the male (Potts, 1974; Voss, 1976), as well as the oblique 
lines that have origin beneath the head and curve upwards around the sides of 
the head to join the post-orbital spot (Voss, 1976). Helas et al (1982a) describes 
a similar behaviour called “curves in S” for females of Symphodus roissali, 
which has the same purpose. 
 
6.2.  “Attracting a female” (ST) – SM, SR 
The male leaves the nest and swims towards a female, in a fast and 
ostentatious manner to attract it and to swim by its side. (Voss, 1976; Potts, 
1974; Helas et al, 1982a). In Almada et al (1987) this activity was described to 
Parablennius pilicornis (Cuvier 1829)  as “leading”. 
 
6.3.  “Escaping from a male that is swimming ostentatiously” (ST) – SR 
The female swims away from a male that had just left the nest to chase it. 
However, instead of an aggressive pursuit, the male has the intuit to attract the 
female to its nest (Helas et al, 1982a). 
 
7. REPRODUCTION  
Behaviours that have the purpose of breeding. 
 
7.1. “Spawning” (ST) – SM, SR 
The female lays a portion of eggs through the urogenital papilla by rubbing the 
belly in the nest, with circular movements (Potts, 1974; Voss, 1976; Helas et al, 
1982a, Lejeune, 1985). This behaviour lasts very few seconds (Helas et al, 
1982a) and alternates with the fertilization of the male since, when one of the 
fishes is above the nest, the other waits for its turn.  
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7.2. “Fertilization” (ST) – SR 
The male fertilizes the eggs by rubbing the abdomen over it and over the nests‟ 
algae, right after the female had spawned (Potts, 1974; Voss, 1976; Helas et al, 
1982a; Lejeune, 1985). This behaviour was seen during the observation minute 
of a female individual, when it was spawning, since it occurs alternated with 
male‟s fertilization. 
 
7.3. “Leaving the nest ” (EV) – SM 
The female is expelled from the nest by the male, which chases the former out 
of its nest (Potts, 1974; Voss, 1976). 
 
8.  NIDIFICATION  
Actions that have the purpose of building the nest or performing its maintenance. 
8.1. ”Guarding the nest” (EV) – SB, SM, SR 
When a male approaches its nest and swims slowly next to it, to assure eggs‟ 
protection (Voss, 1976; Helas et al, 1982a). 
 
8.2.  “Picking an algal fragment” (EV) – SB, SM, SR 
A male nibbles an alga, and sometimes has to pull it, to collect a fragment from 
it. Occasionally, the male can also pick an algal fragment which can be adrift. 
After getting the fragment, the male transports it to the nest that is being built 
(Voss, 1976; Lejeune, 1985). This was observed in males of S. bailloni, 
although there is no reference in the literature of this behaviour in this species. 
 
8.3.  “Transporting an alga” (ST) – SB, SM, SR 
Take the algal material in the mouth to the nest (Voss, 1976; Lejeune, 1985). 
This was observed in males of S. bailloni, although there is no reference in the 
literature of this behaviour in this species. 
 
8.4.  “Nest maintenance” (EV) – SB, SM, SR 
The male pushes the nest with the snout and head to compress the algal layers, 
as a form of maintenance of the structure and to insert the new alga between 
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the older. The male adopts a position that is almost perpendicular to the nest 
(Lejeune & Voss, 1979; Lejeune & Voss, 1980) and Lejeune (1985) adds that 
this movement of the anterior part of the body is accompanied by strong strokes 
with the caudal fin. Although there is no reference in the literature about this 
behaviour in males of S. bailloni, it was also observed in several individuals 
(personal observations).  
 
8.5.  “Catching and releasing Sand” (EV) – SB 
The male grasps some sand with the mouth, carries it to the nest, and then 
deposits the sand outside or on the top of the nest. In Almada et al (1987) this 
activity was described to Parablennius pilicornis (Cuvier 1829) as a nest 
cleaning behaviour, and in Helas et al (1982a) is referred that S.roissali covers 
the nest with gravel, but for S. bailloni there is no reference of this behaviour in 
the literature. 
 
8.6.  “Dropping the algal fragment in the nest” (EV) – SB 
The male, which was carrying an algal fragment in the mouth, drops it above 
the nest (personal observations). 
 
8.7.  “Picking again the algal fragment which was thrown out” (EV) – SM 
The male releases the alga from the mouth, to let it stay in front of itself for a 
few seconds in suspension and then catches it again with the mouth. This could 
happen in order for the male to have the algal fragment in a better position to be 
put on the nest or to see if that fragment has something attached to it, so it can 
be eaten first (personal observations). 
8.8.  “Swimming in circles, carrying an alga”(ST) – SM 
The male moves in horizontal circles, without a physical reference on the center 
while carrying fragments of algae in the mouth. Normally, this behaviour occurs 
near the nest and it could be a patrolling behaviour,  since the individual have 
been distant from the nest while it was collecting an algal fragment (personal 
observations). 
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8.9.  “Hovering above the nest” (ST)  – SM 
The male is hovering above the nest (being less than 3cm from it) but, instead 
of having the “head-up” position, which is performed in the “CLEANING” 
category, the fish stays parallel to the exterior part of the nest. In this situation, 
the male can be guarding the eggs or doing its ventilation (Voss, 1976; Helas et 
al, 1982a). 
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Annex E 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(C
) 
Figure 1.E – Photograph of an individual of Symphodus roissali 
with a homochromic appearence with Sphaerococus spp. 
Figure 2.E - Photograph of an individual of Symphodus roissali 
with an ectoparasite next to the right eye 
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